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\!  6  Abstract 

The  objectives  of  the  study  were  to  identify  the  technological  impacts 
of  water  scarcity,  and  to  assess  the  impacts  of  such  technology  on  the 
Coast  Guard's  mission  requirements  and  mission  performance.  Based  on 
the  assumption  used  in  this  study  that  water  will  become  a  scarce 
resource  in  the  future,  a  series  of  scenarios  were devel oped  which 
identified  and  analysed  the  factors  leading  to  water  scarcity  and 
the  consequences  that  arise  by  increasing  awareness  of  that  scarcity. 

The  work  included  detailed  i n ve s ti  ga ti  on s  into:  (1)  water  supply  (ice¬ 
berg  towing,  desalination,  weather  modification,  and  groundwater) ;  (2) 
water  demand  (irrigation,  industry  use,  power  plants,  and  hydropower 
generation);  (-3)  contributing  factors  (pollution  controls,  waste 
disposal,  water  conservation  devices,  water  reuse  and  recycle,  and 
water  storage  and  transfer;  (4)  Federal,  state  and  local  policy  and 
water  management  programs;  and  {#)  USCG  mission  and  programs. 
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EXECUTIVE  SUMMARY 


This  report  considers  the  possible  effects  of 
long-term,  pervasive  water  scarcity  on  the  Coast  Guard's 
mission  through  about  the  year  2000.  Such  a  scarcity  of 
water  might  have  a  significant  impact  on  several  elements 
of  the  Coast  Guard  mission,  depending  on  the  measures 
adopted  to  provide  additional  supplies  and  on  the  geographic 
location  and  the  nature  of  specific  physical  (essentially 
geologic  and  hydrologic)  effects. 

The  Prospect  of  Water  Scarcity 

Americans  are  becoming  increasingly  aware  of  the 
finite  nature  of  many  natural  resources.  We  have  in  recent 
years  become  dependent  on  foreign  sources  for  petroleum,  natural 
gas,  and  many  minerals.  But  not  all  U.  S.  resources  are  in 
short  supply.  Agricultural  products,  for  example,  are  abundant, 
and  agricultural  exports  have  mitigated  significantly  the  neg¬ 
ative  effects  of  energy  and  mineral  imports.  The  recovery,  pro¬ 
cessing,  transport,  and  use  of  most  resources,  along  with  the 
performance  of  a  vast  complex  of  domestic,  municipal,  and 
industrial  activities,  are  all  linked  to  the  basic  and  most 
common  resource--water. 

On  the  whole,  the  United  States  has  abundant  water 
resources.  An  average  of  4200  billion  gallons  per  day  (BGO) 
falls  on  the  continental  United  States  as  rain,  snow,  and  other 
forms  of  precipitation;  of  this,  1450  BGD  are  stored  (as  ground- 
water,  in  natural  and  manmade  lakes,  etc.),  flow  to  the 


sea,  or  are  consumed  by  man.  The  remainder  returns  to  the 
atmosphere  by  evapotranspi rati  on . 

Though  available  U.S.  water  supplies  are  large,  short¬ 
ages  have  occurred  locally  throughout  our  history,  varying  con¬ 
siderably  in  duration  and  severity.  Such  shortages--or  longer- 
term,  more  extensive  s carci ti es -- can  result  from  increased  demand 
as  populations  and  their  needs  grow,  from  decreases  in  supply 
through  drought  or  excessive  withdrawals,  or  through  combina¬ 
tions  of  these  factors. 

Some  regions  of  the  U.S.  are  inherently  water  deficient, 
such  as  the  semi-desert  Southwest  and  the  extensive  regions  on 
the  lee  sides  (generally  east)  of  major  mountain  ranges,  and 
other  regions  are  inherently  water-rich,  such  as  the  Pacific 
Northwest  and  most  regions  east  of  the  Mississippi.  Regions 

where  water  demand  and  withdrawal  rates  for  agricultural, 
domestic,  and  industrial  uses,  are  very  high,  or  where 
pollution  and  con tami n at i on  are  severe  and  widespread  (com¬ 
monly  both  conditions  exist  concurrently  and  are  interrelated), 
may  also  be  "water  short"  even  though  precipitation  and 
accumulation  may  be  relatively  large. 

By  the  year  2000,  consumptive  uses  of  water  (i.e., 
water  removed  permanently  from  the  water  supply)  are  expected 
to  increase  by  nearly  30%  as  a  result  of  growth  in  manufacturing, 
mineral  industries,  steam  electric  generation,  agriculture, 
and  the  needs  of  growing  populations.  This  increase  in  con¬ 
sumptive  use  ,  particularly  if  combined  with  severe  and  persistent 
drought,  is  likely  to  result  in  water  scarcity  over  significant 
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portions  of  the  United  States.  It  is  estimated  that  as 
much  as  25%  of  the  U.  S.  land  area  and  18%  of  its  population 
face  water  scarcity  during  the  next  two  decades  related  to 
combinations  of  factors  such  as  discussed  above  occurring  within 
particular  drainage  regions. 

The  most  significant  impacts  of  such  scarcity  on  the 
Coast  Guard  mission  are  likely  to  be  associated  with  two  general 
areas  of  response  to  the  scarcity  problem:  (1)  resolution  of 
problems  related  to  commercial  traffic,  pollution  and  contami¬ 
nations,  and  other  uses  and  abuses  of  the  inland,  estuarine, 
and  coastal  waterway  systems,  and  (2)  technologies  adopted  to 
mitigate  the  water  shortages. 

Water  Scarcity  and  the  Navigable  Waterways 

The  Nation's  navigable  waterway  systems  consists  of 
26,700  miles  of  inland  and  intracoastal  waterways,  about  65% 
of  them  with  authorized  channel  depths  of  9  feet.  These  navigable 
channels  and  canals  provide  direct  access  to  131  of  the  Nation's 
largest  cities  and  to  almost  all  parts  of  the  continental  United 
States.  This  sytem  of  navigable  waterways  is  very  important 
to  the  Nation’s  economy,  carrying  about  one-fourth  of  the  total 
intercity  freight  (although  this  totals  only  about  17%  of  the 
rret  tonnage  carried).  The  largest  and  most  improved  of  the 
navigable  inland  waterways  is  that  part  of  the  system  formed 
by  the  Mississippi  River  and  its  tributaries,  with  9,000  miles 
of  commercial  channels.  The  Atlantic  Intracoastal  Waterway  and 
the  New  York-New  England  System  add  7,000  miles  of  navigable 
channels;  the  Gulf  Intracoastal  Waterway  totals  5,400  miles; 
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and  the  Col umbi a-Snake  River  systems  and  the  Central  California 
System  (San  Francisco  Bay  and  inland)  together  add  another 
3,600  miles. 

Widespread,  persistent  water  scarcity  caused  by 
drought  or  by  the  expected  great  increase  in  withdrawals,  from 
both  surface  and  groundwater,  for  industrial,  power  develop¬ 
ment,  agricultural,  and  human  domestic  uses  could  result  in  sub¬ 
stantial  lowering  of  water  levels  in  the  navigable  inland  and 
estuarine  waterways.  The  Coast  Guard  mission  is  vitally  bound 
to  commerce  on  the  inland  waterways,  in  cl /ding  aids  to  navigation; 
traffic  control;  bridge  administration;  pollution  and  hazardous 
material  spill  prevention,  containment,  and  clean-up;  fire¬ 
fighting;  and  safety,  including  both  recreational  boating 
safety  and  the  safety  and  security  of  vessels. 

The  width  and  depth  of  navigable  channels,  and  of 
the  total  water-course ,  change  with  the  river  stage,  and  current 
velocity  also  fluctuates  with  changes  in  stage.  As  a  result, 
channels  shift  and  may  be  narrowed,  channel  depths  may  decrease, 
and  sandbars  are  built  or  destroyed;  thus,  channel  buoys  must 
be  shifted,  dredging  activity  must  be  increased,  and  traffic 
control  is  affected.  Spills  and  leakage  are  increasingly  likely 
under  conditions  in  which  channel  depths  are  decreased,  and 
tank  carriers  are  more  likely  to  contact  the  bottom  or  strike 
bars  or  other  obstacles  exposed  by  lowered  water  levels. 

The  amount  of  hazardous  cargo  transported  by  water  is 
likely  to  continue  to  increase,  and  new  hazardous  products  will 
appear.  As  noted  in  the  1971  Coast  Guard  report  on  Ports  and 


Waterways,  the  chemical  industry  in  this  country,  which  produces 
most  of  the  hazardous  materials  shipped  in  bulk,  has  been 
growing  much  more  rapidly  than  the  country's  overall  industrial 
growth  rate.  At  the  same  time,  water  transport  of  these 
hazardous  products  has  increased  rapidly  in  certain  parts  of 
the  country,  notably  on  the  western  rivers  and  inland  waterways 
and  along  the  western  half  of  the  Gulf  Coast.  The  result  has 
been  traffic  congestion  and  a  high  incidence  of  marine  accidents 
in  certain  ports  and  waterways.  Most  of  these  areas,  moreover, 
are  within  or  near  densely  populated  cities  where  massive  re¬ 
lease  of  toxic  substances  could  have  drastic  effects.  Cub- 
stantial  lowering  of  water  levels  in  these  rivers  and  waterways 
would  further  aggravate  spill  and  pollution  problems  by  reducing 
the  volume  of  water  available  to  dilute  and  disperse  pollutants 
(lowered  stream  velocities  associated  with  diminution  of  flow 
would  also  con  tribute  to  this  problem) ,  and  perhaps  in  other 
ways  . 

Factors  of  great  importance  with  respect  to  collisions, 
groundings,  and  other  accidents  involving  vessels  in  heavily 
congested  waters  are:  channel  depth  and  configuration;  navi¬ 
gational  aids  (adequacy  and  correct  placement,  especially  under 
conditions  of  rapid,  large  physical  changes  in  the  water  course); 
the  presence  of  abnormal,  or  new  and  unexpecteo,  obstructions; 
currents  and  prevailing  winds;  and  others.  All  but  winds  are 
likely  to  be  negatively  affected  by  lowered  water  levels  due  to 
water  scarcity.  In  addition,  in  low-water  situations,  water-side 
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approaches  to  fires  may  be  more  di f fi cul t--especi al ly  to  on¬ 
shore  or  near-shore  fires.  Under  these  conditions,  greater 
re.liance  on  helicopter  transport  of  f  ire -fighting  equipment 
and  firefighters  might  be  required. 

Technological  Possibilities  and  Ocean-based  Effects 

Severe  inland  water  scarcity  would  probably  stimulate 
increased  development  of  various  ocean-based  activities,  in¬ 
cluding  the  development  of  both  onshore  and  off  shore  desalination 
facilities,  as  well  as  off  shore  industrial  and  mining  projects. 
Some  inland  recreational  activities  might  also  move  to  estuarine 
and  near-shore  oceanic  areas.  All  of  these  developments  will 
have  a  direct  bearing  on  the  mission  and  day-to-day  work  of  the 
U.S.  Coast  Guard;  in  particular,  the  enforcement,  search  and 
rescue,  and  safety  elements  of  the  Coast  Guard  mission  are 
likelv  to  be  the  most  affected. 

If  the  transport  of  icebergs  for  fresh-water  supplies 
is  attempted--and  the  prospect  seems  remote  since  the  feasibility 
of  long-distance  transport  of  icebergs,  taking  many  months  and  in 
all  kinds  of  sea  conditions,  is  not  proven--the  Coast  Guard  could 
be  involved  in  several  ways.  It  could  participate  in  the  towing 
activity  itself,  either  towing  or  monitoring  and  assisting, 
and,  once  U.  S.  waters  are  reached,  in  safety  activities,  traffic 
control,  enforcement,  and  problems  related  to  the  incursion  of 
large  volumes  of  cold  fresh  water.  The  Coast  Guard  might  also 
be  involved  in  various  kinds  of  research  and  testing  relating 
to  this  technology. 


Our  findings  with  respect  to  water  supply  and  demand, 
and  related  local,  state  and  Federal  government  involvement, 
are  as  foil ows : 

•  With  respect  to  surface  water,  there  is  in  general 
more  than  an  adequate  supply  to  meet  all  demands; 
however,  there  are  local,  and  even  regional,  short¬ 
ages  due  to  distribution  inequities  and  to  pollution. 

•  The  situation  is  similar  for  groundwater  supplies, 
except  in  some  regions  where  water  is  being  with¬ 
drawn  and  consumed  at  a  rate  that  greatly  exceeds 
recharge . 

•  The  transfer  of  water  (ground  and  surface)  from 
water  rich  areas  to  regions  of  scarcity  is  logical, 
but  is  discouraged  due  to  water  rights,  environ¬ 
mental  issues,  economics,  and  public  attitudes. 

Federal  policy  discourages  such  projects. 

•  Technological  innovations  to  extend  water  supply, 
other  than  land-based  desalination  processes,  are 
not  yet  feasible.  Large  scale  weather  modifications, 
ocean-going  desalination  plants  and  iceberg  transport 
are  some  of  the  technologies  to  extend  water  supplies. 
These,  however,  are  either  in  experimental  stages  or 
are  severely  limited  by  the  economics  of  conversion. 
None  of  these  technologies  are  likely  to  be  in  large- 
scale  use  by  the  year  2000. 

•  Technological  innovations  to  decrease  demand  and  con¬ 
sumption  exist,  but  these  are  limited  by  economic 
considerations,  by  pollution  control  legislation, 

and  by  present  federal  policy  (as  well  as  limitations 
on  funds  from  federal  agencies  responsible  for  policy 
implementation).  For  example,  water  withdrawals  for 
steam-electric  generation  could  be  reduced  by  25  to  30 
percent  by  means  of  dry  cooling  towers  that  use  no 
water,  but  do  require  more  energy  to  operate  and  are 
expensive.  Irrigation  is  another  prime  candidate  for 
water  conservation  but  installation  costs  for  water 
reducing  technology  are  often  not  justified  under 
current  water  and  agricultural  price  relationships. 

t  Thirteen  regions  of  the  United  States  are  expected 
to  experience  water  supply  problems  over  the  next 
twenty  years  . 
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•  Examination  of  forecasts  of  industrial,  agricul¬ 
tural,  energy,  domestic  and  recreational  activities, 
in  these  thirteen  regions,  all  reveal  growth,  with 
no  tradeoffs  between  growth  activities  in  any  one 
region  being  demonstrated. 

•  Competition  among  growth  activities  for  scarce 
water  resources  will  occur. 

•  Regional  problems  of  competition,  including  state 
and  local  community  problems,  will  be  solved  at 
the  regional,  state  and  local  level.  Federal 
policy  and  pollution  control  legislation  encourages 
thi s  approval . 

•  The  role  of  the  Federal  government  and  its  agencies 
is  to  foster  and  assist  local  problem  resolution. 


xiii 


RECOMMENDATIONS 


The  U.  S.  Coast  Guard  should  maintain  close  liaison 
with  all  government  units  involved  in  water  resource  augmenta¬ 
tion  planning  so  that  as  i  nl  a nd -wa t erway ,  coastal,  and  offshore 
activities  designed  to  increase  water  supplies  and  energy  pro¬ 
duction  are  planned,  it  can,  in  concert,  plan  actions  required 
to  fulfill  its  mission.  Paramount  will  be  the  allocation  of 
sufficient  funding  for  the  U.  S.  Coast  Guard  to  expand  certain 
of  its  operational  capabilities  as  needed. 

The  U.  S.  Coast  Guard  should  review  its  generic  mission 
in  terms  of  regional  and  budget  priorities  as  well  as  its 
operational  and  regulatory  missions.  Where  possible,  interaction 
and  involvement  with  regions  (via  USCG  District  Offices)  pre¬ 
sently  involved  in  planning  for  present  or  anticipated  water 
scarcity  situations  should  increase. 
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CHAPTER  1.  INTRODUCTION 


This  study  is  concerned  with  the  impact 

of  water  scarcity  on  the  mission  of  the  United  States  Coast 
Guard.  The  Coast  Guard's  interest  in  the  consequences  of  water 
scarcity  evolves  directly  from  the  Coast  Guard's  mission,  which 
is  summarized  as  follows: 

1.  To  minimize  loss  of  life,  personal  injury,  and 
property  damage  on,  over,  and  under  the  high  seas 
and  waters  subject  to  U.  S.  jurisdiction. 

2.  To  facilitate  transportation,  with  particular 
emphasis  on  water  borne  activity  in  support  of 
material  economic,  scientific,  defense,  and  social 
needs . 

3.  To  maintain  an  effective  and  ready  armed  force, 
prepared  for  and  immediately  responsive  to  specific 
tasks  in  time  of  war  or  emergency. 

4.  To  assure  the  safety  and  security  of  vessels  and 
of  ports  and  waterways  and  their  related  shoreside 
faci 1 i ties . 

5.  To  enforce  Federal  laws  and  international  agreements 
on  and  under  waters  subject  to  the  jurisdiction  of 
the  U.  S.,  and  under  the  high  seas  where  authorized. 


6.  To  maintain  or  improve  the  quality  of  the 
marine  environment. 

7.  To  cooperate  with  other  governmental  agencies  and 
entities  (Federal,  state,  and  local)  to  assure 
efficient  utilization  of  public  resources  and  to 
carry  out  activities  in  the  international  sphere 
where  appropriate  in  furthering  national  policy. 

The  Coast  Guard's  interest  in  water  scarcity  flows 
directly  from  all  aspects  of  its  mission,  particularly  those 
related  to  preservation  of  human  life  and  safety  on  the  seas 
and  waters,  transportation,  enforcement,  en vi ronmental  quality, 
and  intergovernmental  cooperation.  One  or  two  examples,  using 
known  technology,  illustrate  that  interest. 

Icebergs  are  a  potential  source  of  fresh  potable  water. 

They  occur  naturally  but  would  require  movement  to  a  point  of 
utilization.  The  natural  movement  of  icebergs  has  long  been 
recognized  as  a  hazard  of  the  high  seas,  with  the  Coast  Guard 
providing  surveillance  and  protection  to  shipping.  The  planned 
and  controlled  transport  of  icebergs  by  man  would  also  substantially 
involve  the  Coast  Guard  hecause  much  of  the  movement  would  be 
through  international  waters  and  because  of  the  impact  of  the  intro¬ 
duction  of  such  large  masses  of  fresh  water  and  cold  temperatures 
into  more  temperate  estuaries  and  local  waterways.  Safety  of 
life  and  shipping  would  be  an  important  factor  throughout  such 
operati on  s . 


A  second  example  is  desalinization.  Desalinization 
plants  would  be  located  primarily  in  estuarine  or  coastal  areas, 
with  storage  facilities  and  distribution  complexes  located 
nearby.  The  Coast  Guard  immediately  would  have  important 
responsibilities  related  to  environmental  quality,  safety, 
enforcement,  intergovernmental  cooperation  ,  and  perhaps  in 
regard  to  other  aspects  of  its  mission.  Other  examples,  equally 
as  pertinent,  can  be  given  for  inland  areas,  such  as  in  Coast 
Guard  Area  2,  which  encompasses  in  whole  or  in  part  at  least 
18  States  in  central  continental  U.  S. 

Thus,  the  Coast  Guard  has  both  direct  and  ancillary 
responsibilities  that  are  affected  by  problems  of  national, 
regional,  and  local  water  scarcity  . 


CHAPTER  2  THE  GROWING  PROBLEM  OF  WATER  SCARCITY 


Our  awareness  of  the  finiteness  of  many  of  our  resources 
has  been  growi ng  significantly  over  the  past  decade.  National 
dependence  on  foreign  sources  of  petroleum  and  natural  gas,  as 
well  as  many  minerals,  has  become  well  known.  National  programs 
to  further  increase  this  awareness  and  to  encourage  conservation 
have  resulted.  Not  all  resources  are  scarce,  however.  For 
example,  in  the  United  States  there  is  no  scarcity  of  agricultural 
products.  Indeed,  the  export  of  agricultural  products  has 
mitigated,  to  an  extent,  the  economic  effects  of  importing  energy 
and  mineral  resources.  Energy,  minerals,  and  agriculture  are 
linked  through  their  dependence  on  the  common  resource,  water. 

Large  amounts  of  water  are  required  for  the  extraction  and  pro¬ 
cessing  of  minerals  as  well  as  for  agricultural  and  energy  produc¬ 
tion.  Water  is  a  basic  and  a  finite  resource. 

WATER  AS  A  SCARCE  RESOURCE 

The  United  States  as  a  whole  has  an  abundant  water 
supply.  On  the  average,  approximately  42,000  billion  gallons 
per  day  of  water  pass  over  the  continental  United  States  in  the 
form  of  water  vapor.  Of  this,  approximately  10.5  percent,  or  about 
4,400  billion  gallons  per  day,  precipitates  as  rainfall,  snow, 
sleet,  or  hail.  Of  this  total  amount,  only  about  1,400  billion 
gallons  per  day,  or  9  inches  of  precipitation,  accumulate  in 
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ground  or  surface  storage,  flow  to  the  oceans  or  across  national 
boundaries,  or  are  consumptively  used  by  domestic,  agricultural, 
and  industrial  activities.  The  remaining  2,800  billion  gallons 
are  returned  to  the  atmosphere  through  e v apo tr an sp i ra t i on . 

Thus,  an  average  of  1,400  billion  gallons  of  water  per 
day  are  available  for  man's  use  year  after  year  in  the  U.S.  But  there 
have  always  been  local  and  regional  shortages.  Population  pres¬ 
sures  and  a  variety  of  consumptive  uses  of  water  have  combined  such 
that  in  several  .regions  of  the  U.S.,  water  is  consumed  in  an 
amount  that  exceeds  the  renewable  supply. 

National  Awareness  of  the  Problem 

Periods  of  water  shortage  have  occurred  locally,  with 
varying  degrees  of  severity,  for  centuries.  The  last  decade 
has  seen  the  entire  southwestern  area  of  the  United  States  affected. 
Awareness  of  water  pollution  problems  and  effects  has  increased 
significantly  since  enactment  of  pertinent  legislation  in  the 
early  1970's.  This,  coupled  with  the  direct  impact  of  periods 
of  drought,  has  contributed  to  the  enlarged  public  understanding 
of  our  dependence  on  an  adequate  supply  of  potable  water. 

POPULATION  PRESSURES 

Water  scarcity  can  occur  because  of  changes  in  water 
supply,  because  of  increases  in  demand,  or  both.  Changes  in 
supply  are  due  to  meteorological  phenomena,  related  to  such 
factors  as  the  movement  of  moisture  from  west  to  east  across 
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the  United  States,  the  influences  of  mountain  chains,  and  the 
location  of  major  water  bodies. 

The  Pacific  northwest  is  very  water  rich.  The  area 
east  of  the  Mississippi  River  is  also  relatively  water  rich, 
particularly  along  the  Gulf  Coast  and  along  the  shores  of  the 
Atlantic  Ocean.  Water-short  regions  generally  include  the  areas 
east  of  the  Pacific  Coast  ranges  and  east  of  the  Rocky  Mountains. 
The  Southwestern  states  have  long  been  known  to  be  water  short. 

Population  pressures  on  water  supply  include  require¬ 
ments  for  personal  use  (drinking,  cooking,  cleaning  and  washing, 
etc.,  and  for  various  outdoor  uses).  This  demand  represents  but 
six  percent  of  all  water  withdrawals  (from  supply)  per  year.  Pop¬ 
ulation  pressures  also  induce  demands  in  other  economic  sectors. 
Increasing  population  affects  agriculture,  industry  production, 
energy  production,  and  recreational  uses.  An  expanding  population 
requires  more  food,  energy,  and  consumer  products.  The  upward 
mobility  (economic)  of  a  population  results  in  demands  for 
additional  recreational  facilities.  Furthermore,  an  increasing 
population,  with  its  ancillary  demands,  creates  more  pollution. 
POLLUTION  PRESSURES 

Pollution  contaminates  supplies  of  water  such  that 
they  become  unfit  for  domestic  or  industrial  use.  Today  pollu¬ 
tion  is  controlled  by  Federal  legislation  that  protects  surface, 
ground,  and  ocean  waters.  The  genesis  of  pollution  control  is 
Federal  legislation.  The  Rivers  and  Harbors  Act  of  1899  was  the 
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first  federal  law  to  restrict  discharges  into  navigable  waters. 
Implementation  of  its  potential,  however,  did  not  occur  until 
the  I960’ s .  The  Federal  Water  Pollution  Control  Act  of  1948, 
together  with  its  amendments  in  1965,  first  attempted  to  set 
goals  or  standards  for  water  quality  and  then  to  adjust  discharges 
to  achieve  those  goals. 

The  re^er a  1  Water  Pollution  Control  Act  Amendments 
( FWPCA)  of  1972  established  a  new  approach  to  pollution  control. 
The  new  approach  was  to  control  individual  discharges  to  water¬ 
ways  by  specific  deadlines.  Discharge  limitations  were  considered 
easier  to  enforce  than  the  earlier  goals  of  water  quality. 

The  Clean  Water  Act  of  1977  modified  the  timing  of 
various  provisions  of  the  FWPCA,  redefined  pollutants,  extended 
the  municipal  grants  program  and  substantially  modified  regu¬ 
lations  pertaining  to  accidental  discharges.  This  Act,  together 
with  the  Toxic  Substances  Control  Act  of  1976  and  the  Resource 
Conservation  and  Recovery  Act  of  1976,  provided  a  comprehensive 
set  of  laws  and  regulations  to  achieve  pollution  control.  Pro¬ 
visions  of  other  federal  laws^uch  as  the  Safe  Drinking  Water 
Act  and  the  Underground  Injection  Control  Actscombine  to  provide 
the  regulatory  framework  for  the  regulation  of  discharges,  or 
for  overall  pollution  control. 

Pollution  via  toxic  and  hazardous  substances  can 
contaminate  domestic  water  supplies.  The  use  of  polluted 
waters  for  energy  production  can  result  in  the  spread  of  bacteria 


and  fungi  through  cooling  tower  emissions.  Pollution  decreases 
available  water  supplies.  Progress  in  controlling  the  discharge 
of  pollutants  into  water  sources  has  been  substantial.  Progress 
in  cleaning  up  polluted  water  bodies  has  been  slow;  considerable 
time  is  required  for  a  water  body  to  recover  once  the  discharge 
of  pollutants  is  stopped.  The  progress  made  to  date  is  expected 
to  continue  at  an  increased  pace  over  the  next  20  years  as  the 
arsenal  of  legislative  controls  is  further  implemented. 

INDUSTRIAL  USE  PRESSURE 

Industry  includes  manufacturing  and  mining  activities. 

In  1955,  the  industry  demand  for  water  was  approximately  36  billion 
gallons  per  day.  By  1975,  this  demand  had  risen  to  over  58 
billion  gallons.  More  importantly,  over  the  same  time  period, 
consumption  increased  by  a  factor  of  two.  Industrial  expansion 
also  contributed  to  the  doubling  of  the  water  required  for 
electricity  production.  This  increase  resulted  from  an  expanded 
population  and  economy. 

Over  the  next  20  years,  demand  is  expected  to  decrease 
as  conservation  measures  associated  with  pollution  control 
legislation  and  with  the  economics  of  supply  are  further  imple¬ 
mented.  Reliance  on  conservation  to  include  the  reuse  and  re¬ 
cycling  of  process  waters  will  bring  about  the  expected  decrease. 

The  combination  of  population,  pollution,  and  industry 
pressures  for  available  water  supplies  varies  tremendously 
across  the  United  States.  Twenty-eight  percent  of  the  U.S.  land 
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area  and  13  percent  of  its  population  already  face  water  scarcity 
situations  due  to  a  combination  of  factors  unique  to  the  drain¬ 
age  area  or  river  basin  within  which  they  are  located.  As  an 
example  of  the  nature  of  the  problems  created  by  these  combined 
pressures,  both  now  and  expected  over  the  next  20  years,  regional 
profiles  are  presented  in  the  next  chapter  (Table  3-2).  Repre¬ 
sentative  water  scarcity  incidents  are  presented  below. 

REVIEW  OF  REPRESENTATIVE  WATER  SCARCITY  I N  Cl DENTS 

The  economically  useful  water  resources  of  the 
United  States  are  quite  unevenly  distributed.  The  most  gross 
division  would  be  to  say  that  those  parts  of  the  United  States 
lying  east  of  the  100th  meridian  are  humid  and  moistfwith  plenti¬ 
ful  rainfall  ^and  those  west  of  the  100th  meridian  (with  the 
exception  of  the  Pacific  Northwest)  are  semi ar i d ^wi th  scant  rain¬ 
fall.  The  distribution  of  population,  economic  activity  and  types 
of  water  is  also  far  from  uniform. 

The  semiarid  West,  with  its  small  natural  endowment 
of  water,  has,  for  various  reasons,  a  highly  water-cons  urn ptive 
economy,  both  developed  and  projected.  How  it  became  possible 
and  profitable  to  undertake  such  economic  activity  in  an  arid 
environment  is  a  question  that  can  be  answered  only  by  a  broad 
treatment  of  United  States  economic  history,  and,  in  particular, 
the  history  of  resource  development  policy.  Thus,  it  is  not 
surprising,  at  any  rate,  that  the  water  problems  of  the  West 
as  perceived  by  many  people  should  be  problems  of  water  availability 
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for  these  water- i nte ns i ve  activities.  To  be  able  to  regularly 
meet  the  needs  of  these  activities,  most  of  the  western  water 
systems  are  generally  called  upon  to  operate  at  near  capacity 
most  of  the  time . 

In  the  eastern,  central,  and  midwestern  regions, 
due  to  the  growth  of  population  and  industry  and  traditional 
reliance  on  water-course  disposal  of  waste  (including  heat),  many 
streams  have  been  ove rbu rdened .  This  has  created  severe  water 
quality  problems  in  these  regions. 

However,  common  to  both  the  regions,  though  different 
in  severity,  is  the  problem  of  infrequent  and  unpredictable 
droughts.  These  droughts  are  normal  climatological  phenomena, 
though  man  cannot  as  yet  forecast  their  occurrence  with  certainty 
or  (once  they  are  upon  us)  determine  how  long  they  will  last, 
or  the  extent  of  drought-caused  losses.  It  seems  no  part  of 
the  nation  is  immune  to  drought,  though  droughts  of  several 
years  duration  are  rare  in  the  U.S.  The  East  general i y  has 
short-term,  seasonal  droughts;  it  appears  that  the  Northeast 
drought  of  1962-66  was  an  event  that  might  be  expected  an  average 
of  only  once  every  150  years. 

During  the  1  9  3  0 ‘ s  ,  the  Great  Plains  were  beset  by 
abnormally  low  precipitation.  In  combination  with  high  winds 
and  extreme  tempera ture s- -compoun ded  by  years  of  overgrazing  and  of 
generally  poor  farming  techni ques --great  dust  storms  developed, 
so  that  much  of  the  land  lay  useless  for  many  years.  In  the 


late  1940' s  and  early  1950's,  a  drought  occurred  in  the  South¬ 
west  and  in  places  in  the  southern  mid-continent.  In  some  parts  of 
the  Southwest,  the  drought  continued  for  more  than  10  years. 

Even  though  the  drought  of  the  early  1950's  was  more  severe 
than  that  of  the  mid-1930's,  the  national  impact  was  far  less 
severe.  This  was  because  the  stronger  national  economy  could 
more  easily  absorb  the  losses  and  because  conservation  programs 
had  made  many  areas  less  vulnerable  to  drought.  In  1976-77, 
the  nation -was  again  beset  by  drought--the  worst  in  modern 
times-- which  centered  in  the  west-northwest  and  upper  parts  of  the 
Midwest.  The  humid  East  suffered  from  local  drought  as  well. 
However,  particularly  in  California,  the  drought  forced  mandatory 
cutbacks  in  water  use  and  raised  serious  questions  concerning 
the  future  standards  for  water  supply  planning,  the  need  for 
shared  use  of  existing  supplies,  the  long-term  desirability  of 
various  short-term  water  conservation  measures,  and  the  levels 
to  which  the  quantities  of  waste  waters  should  be  reclaimed 
and  reused  to  supplement  basic  water  supplies.  Added  to  these 
were  controversies  over  water  supply,  environmental  issues,  costs, 
and  land  use  issues  that  had  been  occurring  since  the  early  1  9  7  0’  s 
and  had  delayed  any  expansion  of  existing  water  supply  systems  ,i  n 
many  parts  of  California,  in  particular.  As  the  drought  continued 
through  the  winter  of  1976-77,  many  utilities,  with  no  other 
option,  successfully  implemented  water  rationing  designed  to 
reduce  consumption  by  25-35  percent  (see  Table  2-1).  However, 


TABLE  2-1: 


Summary  of  Some  Past  Drought  Management  Measures* 
And  Resulting  Decreases  In  Consumption 


Location 

Year 

Restriction  Imposed 

Resultinq  Decrease 

New  York  City 

1968 

Ban  outside  use; 
appeals 

10 -22% 

Pawtucket,  RI 

1967 

Ban  on  outside  use; 
appeals 

16-18% 

17  Eastern 

Util i t i e  s 

1  972 

Voluntary  and  compul¬ 
sory  bans  on  outside 
use;  appeals 

18-50% 

Washington 
Suburban  Sani¬ 
tary  Commission 
Washington,  DC 

1977 

» 

Ban  on  outside  use; 
appeals  to  specific 
acts 

40% 

Mar i n  Co . ,  CA 

1  977 

Ban  on  outside  use; 
rationing,  with  fines 

25% 

63% 

Oakland,  CA 

1978 

Rationing,  with  fines 

38% 

Denver,  CO 

1  978 

Limiting  outside  use 
to  3  hrs.  every 

3rd  day 

21% 

Los  Angeles, 

CA 

1  978 

Appeals  and  limited 
industry  cutbacks, 
with  some  mandatory 
controls 

10-20% 

Cal iforni a 

1978 

Voluntary 

rationing 

Up  to  20% 

Up  to  50% 

♦♦Nor  them 

1  981 

Voluntary 

Up  to  20% 

♦Adapted  from  11  The  Role  of  Conservation  in  Water  Supply  Planning, 
p.  M9,  Contract  Report  No.  78-2,  Institute  of  Water  Resources, 

U.S.  Army  Corps  of  Engineers,  April  1979. 

♦♦The  Washington  Post,  p.  C-8,  January  23,  1981. 
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such  non- 1  eg i s 1  a  ted  rationing  can  only  be  achieved  through 
voluntary  commitment  of  the  consumer,  and  to  get  that  commit¬ 
ment,  the  utility  must  communicate  the  shortage  problem  and 
the  required  rationing  solution  to  the  consumer.  Rationing  was 
also  carried  out  in  the  exceptionally  dry  summers  of  1964-65 
in  the  Northeast. 

More  recently,  in  January  1981,  Governors  of  four 
States  that  are  served  by  the  Delaware  River  Basin--New  York, 

New  Jersey,  Delaware,  and  Pennsylvania--when  faced  with  the 
prospect  of  a  severe  drought,  declared  a  water  emergency  affect¬ 
ing  the  22  million  people  inhabiting  the  area.  New  York  City, 
in  particular,  was  required  to  cut  40  million  gallons  from  the 
560  million  gallons  it  draws  each  day  from  the  reservoir  system 
at  the  headwaters  of  the  Delaware  River.  Concern  was  expressed 
not  only  about  the  shortage  of  water  but  also  that  the  river  would 
not  flow  fast  enough  to  cleanse  itself  of  pollutants. 

Among  the  other  options,  inter-basin  diversions,  de¬ 
salting,  and  the  development  of  large-scale  integrated  urban 

l 

supply  systems  have  all  been  recommended,  particularly  for 
urban  drought  protection  in  areas  that  are  subject  to  severe 
but  infrequent  droughts.  It  is  imperative,  therefore,  that 
in  long-range  water  management  and  planning,  natural  phenomena 
such  as  droughts  must  be  considered  along  with  the  political, 
economic,  and  environmental  influences. 


CHAPTER  3.  DATA  SOURCES  AND  BASELINE  INFORMATION 


1  975  MATER  DEMANDS  AND  PATTERNS 

Water  demand  may  be  expressed  in  terms  of  water  with¬ 
drawn  and  water  consumed.  Water  withdrawn  is  the  amount  taken 
from  source  supplies  (surface  and  ground).  Water  consumption 
is  that  portion  of  the  withdrawn  water  that  is  not  returned 
to  the  source.  The  difference  between  withdrawal  and  consump¬ 
tion  is  that  amount  returned  to  a  source.  Prior  to  return, 
this  water  may  be  treated  to  remove  harmful  pollutants. 

In  1975,  the  average  daily  amount  of  fresh  water 
withdrawn  in  the  United  States  was  338.5  billion  gallons  (from 
both  surface  and  ground  sources).  The  quantity  consumed  averaged 
106.6  billion  gallons  per  day.  This  means  that  approximately 
one  third  of  the  total  water  withdrawn  was  not  replaced  for 
subsequent  use.  Water  is  also  withdrawn  from  saline  sources, 
primarily  for  conversion  to  fresh  water  by  desalination  pro¬ 
cesses.  The  direct  use  of  saline  water  by  industry  or  agriculture 
is  not  yet  practiced  in  the  United  States.  In  1975,  saline 
water  withdrawals  averaged  59.7  billion  gallons  per  day. 

Thus,  in  1975,  water  withdrawals  (fresh  and  saline 
combined)  averaged  398.2  billion  gallons  per  day,  or  145,343 
billion  gallons  during  the  year;  total  water  consumption  for 
the  year  was  38,909  billion  gallons.  Withdrawals  were  to 
satisfy  demands  exerted  by  the  various  economic  sectors  of  the 
economy:  domestic  uses,  manufacturing,  agriculture. 
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steam-electric  production,  mineral  production,  recreation, 
and  others.  Each  sector  is  also  responsible  for  consumption  of 
a  portion  of  the  water  withdrawals.  Data  for  1975  for  each 
economic  sector  are  summarized  in  Table  3-1. 

Patterns  of  use  by  sector  of  the  economy  since  1955 
show  stability  or  gradual  increases  in  the  total  quantity  of 
water  withdrawn.  The  largest  increase  in  water  withdrawal  is 
for  irrigated  agriculture.  Domestic  and  commercial  uses, 
as  well  as  mining  and  manufacturing,  exhibit  stable  withdrawal 
patterns.  Patterns  of  consumption  over  the  same  time  period, 
however,  show  a  drastic  increase  in  water  consumed  by  irrigated 
agriculture  (approximately  100%).  Increases  in  mining  and  manu¬ 
facturing  are  reasonably  consistent  with  increased  withdrawals. 

Regional  patterns  of  water  withdrawal,  by  sector  of  the 
economy,  are  shown  in  Table  3-2.  Regions  are  as  defined  by  the 
Water  Resources  Council  and  include  all  of  the  United  States  and 
the  U.S.  Caribbean  Islands,  as  shown  in  Figure  3-1.  These 
data  reflect  the  relative  population  densities  in  each  region 
as  well  as  the  1975  mix  of  water  intensive  industries. 

In  1975,  the  demand  for  water  was  met  by  withdrawals 
of  274  billion  gallons  per  day  (BGD)  from  surface  waters  and 
61  billion  gallons  per  day  from  groundwater.  Additional  quan¬ 
tities  of  59.8  and  21  BGD  were  derived  from  saline  and  groundwater 
mining,  respectively.  Surface  water  supply  in  the  nation  in  1975 
was  estimated  at  2,159  BGD  and  groundwater  at  82.4  BGD,  for  a 
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TABLE  3-1:  Summary  of  1975  Water  Withdrawal 
and  Consumption  by  Sector  of  the 
U.S.  Economy 


Sector 


1975  1975  Consumption  as 

Withdrawal  Consumption  Percentage  of 

(BGD)  (BGD)  Withdrawal 


Domesti c 

23.3 

6.2 

27 

Muni ci pal 

21  .2 

4.9 

Rural 

2.1 

1.3 

Commercial 

5.5 

1.1 

20 

Manufacturi ng 

51  .2 

6.0 

12 

Agri culture 

160.6 

88.3 

55 

Irrigation 

158.7 

86.4 

Livestock 

1  .9 

1.9 

Steam  Electric 

88.  9 

1.4 

2 

Minerals 

7.2 

2.3 

32 

Recreation  &  other 

1.8 

1  .3 

72 

Total  Fresh  Water 

338.5 

106.6 

31 

Total  Saline  Waters 

59.7 

Total 

398.2 

106.6 

TABLE  3-2:  Summary  of  1975  Water  Withdrawals  by  Region 
and  by  Sector  of  the  U.S.  Economy 
(Millions  of  Gallons  Per  Day) 
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ater-Use  Reg-ions*  as  De' 
y  the  Water  Resources  C< 


total  of  2241.4  BGD,  excluding  the  oceans.  Comparing  the 
1975  withdrawals  of  398.2  with  the  supply  of  2241.4  shows 
adequate  supply.  However,  there  are  localized  problems  of 
inadequate  surface  and  groundwater  supplies  (west  and  southwest 
U.S.),  surface  and  groundwater  pollution,  flooding,  erosion  and 
sedimentation.  The  result  is  that  there  is  an  inequitable 
distribution  of  supply  with  respect  to  demand  in  approximately 
two  thirds  of  the  nation.  These  problem  regions  are  defined  and 
examined  in  the  next  section. 

PROJECTED  YEAR  2000  DEMANDS  AND  PATTERNS 
Demands 

Various  methodologies  were  examined  for  use  in  project¬ 
ing  water  demand.  Projections,  by  sector  or  user,  were  available 
from  the  Water  Resources  Council.  Available  data  were  obtained 
to  construct  an  independent  set  of  projections  that  could  be 
compared  with  existing  forecasts. 

Historical  data  on  the  withdrawal  of  surface  water  and 
groundwater,  and  of  fresh  and  saline  water,  for  use  in  domestic 
and  commercial  applications,  manufacturing,  agriculture,  electricity 
generation,  and  mineral  processing,  were  obtained  and  examined. 

Data  prior  to  1950  were  not  used  in  forecasting  because: 

1.  The  data  were  incomplete. 

2.  They  reflect  policies  not  currently  in  force. 

3.  Increased  use  of  technology  has  occurred  in 
industrial  processes. 
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4.  Major  pollution  control  requirements  have 
been  improved  (since  1960),  encouraging 
reuse,  recycling,  and  conservation. 

Available  data  are  plotted  in  Figure  3-2,  along 
with  projections  of  those  data.  Two  forecasts  are  shown. 

The  dashed  line  represents  a  linear  regression  based  on 
historical  data.  These  forecasts  are  dependent  on  assumptions 
that  past  data  are  representative  and  that  past  withdrawals  and 
practices  will  continue  throughout  the  forecast  period.  Linear 
regression  analysis,  compared  to  other  forecasting  techniques 
such  as  moving  averages  and  exponential  smoothing,  econometric 
methods  and  subjective  methods,  was  chosen  as  it  was  considered 
quite  appropriate  for  the  analysis  in  view  of  the  fact  that  the 
relationships  could  be  well  represented  linearly.  Nonlinear 
effects  are  not  very  significant  in  such  cases.  It  is  interesting 
to  note  that  the  projection  of  total  withdrawal  indicates  a 
year  2000  value  approximately  twice  (1200  BGP)  that  shown  in 
Figure  3-2. 

The  lower  projection  is  as  provided  by  the  Water  Resources 
Council  (WRC)  in  the  1975  Asses sment.  The  forecast  assumes 
substantial  reuse  and  recycling  in  manufacturing  and  other 
industries,  and  in  steam-electric  generation.  The  forecast  also 
assumes  extensive  conservation  in  agriculture  and  in  domestic 
and  commercial  water  use.  This  forecast  is  considered  to 
represent  the  results  of  implementation  of  present  federal  policy 
over  the  next  20  years. 


Two  factors  that  would  affect  projections  were 
considered:  recycling  of  treated  wastewater  effluent  and 

consumption.  Historical  data  from  1955  for  the  use  of  treated 
wastewater  as  a  water  source  either  for  industrial  or  agricul¬ 
tural  purposes,  and  data  for  ground  water  recharge  were  reviewed. 
Available  data  for  recycling  of  treated  wastewater  are  shown 
in  Figure  3-3. 
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FIGURE  3-3 

Utilization  of  Reclaimed  Waste 
Water  as  a  Water  Supply 


1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - f- 

1950  1960  1970  1980  1990  2000 


e 


The  sharp  increase  in  use  between  1960  and  1965  is  representative 
of  the  interest  in  land  treatment  of  municipal  sewage.  The 
historic  data  are  insufficient  to  permit  accurate  forecasting. 
However,  based  on  a  review  of  literature,  it  is  probable  that 
significant  utilization  of  this  resource  will  not  occur.  The 
direct  use  of  reclaimed  sewage  for  domestic/commercial  use  is 
not  probable.  Applications  involving  spray  irrigation  and  aquifer 
recharge  could  occur,  particularly  in  water-scarce  reg i on s  ,du r i n g 
the  forecast  period. 

Consumption  of  water  is  perhaps  more  critical  than 
water  withdrawal  since  consumption  means  that  downstream  supply 
may  be  inadequate  to  meet  subsequent  demand.  Policy  emphasis 
on  reuse  and  recycling  could  increase  consumption  of  withdrawn 
supply.  Further,  it  would  concentrate  pollutants  such  that 
more  costly  forms  of  wastewater  treatment  would  be  required. 
Historic  and  forecast  values  of  consumption,  in  terms  of  sector 
use,  are  presented  in  Figure  3-4.  The  values  presented  are 
consistent  with  the  WRC  forecasts.  The  ambitious  estimates  for 
agriculture  may  not  be  realized.  Higher  consumption  would 
increase  the  quantity  of  water  withdrawn  and,  therefore,  support 
the  higher  withdrawal  projections  shown  in  Figure  3-2. 

Patterns 

The  Water  Resources  Council  has  divided  the  contiguous 
United  States  into  18  river  basins  plus  one  each  for  Alaska, 
Hawaii,  and  the  Carribbean,  as  defined  in  Table  3-2  and  outlined 
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in  Figure  3-1.  These  basins  have  been  further  disaggregated 
into  a  total  of  106  subbasins,  also  as  shown  in  Figure  3-1. 

A  task  force  was  established  by  Executive  Order  to 
investigate  water  scarcity  in  1977-1978.  That  study  found  that 
severe  water  shortages  existed  in  21  of  the  106  subregions  as 
defined  by  the  WRC.  Further,  potentially  severe  shortage  could 
be  anticipated  in  an  additional  18  subregions  by  the  year  2000. 
The  21  areas  of  the  U.S.  already  affected  by  water  shortages 
comprise  28  percent  of  the  U.S.  land  mass  and  include  18  percent 
of  the  population.  Over  90  percent  of  the  water  consumed  in 
these  areas  is  used  by  agriculture,  mainly  for  irrigation. 
Further,  one-third  of  this  consumption  is  drawn  from  a  fixed 
stock  of  groundwater.  This  fixed  stock  can  neither  be  renewed 
nor  replaced,  except  at  very  high  cost. 

The  accelerating  depletion  of  groundwater  coupled  with 
the  fact  that  groundwater  can  only  be  replenished  by  surface 
supplies  indicates  that  surface  water  must  play  a  key  role  in 
meeting  the  future  needs  of  wate r- de f i c i en t  areas. 

Surface-water  supplies  can  be  used  for  industrial  and 
energy  production  as  well  as  for  instream  uses  such  as  navigation 
and  recreational  activities.  It  is  also  used,  along  with  ground- 
water,  for  domestic  and  commercial  purposes.  Urban  water 
consumption  represents  less  than  six  percent  of  the  national 
total.  However,  this  use  increased  by  13.5  percent  between 
1970  and  1975,  while  the  population  served  by  urban  supplies 


increased  only  six  percent.  The  result  has  been  seasonal  or 
short-term  water  shortages  in  certain  urban  areas  outside  the 
western  states,  such  as  Boston,  Washington,  D.C.  ,and  Atlanta. 

Available  data  were  examined  in  order  to  isolate 
those  regions  of  the  United  States  that  might  experience  a 
water  problem  between  1975  and  2000.  These  data  are  presented 
in  Table  3-3.  The  table  shows  that  all  of  the  United  States 
and  its  territories  in  the  Caribbean  are  facing  water  problems 
of  one  form  or  another.  Water  supply  problems  are  expected 
in  portions  of  11  major  basins  during  the  forecast  period; 
water  pollution  problems  are  expected  in  some  21  basins. 

The  projections  shown  in  Figure  3-2  were  extended  to 
each  major  sector  of  water  use  for  each  of  the  11  regions  of  the 
country  expected  to  be  affected  by  water  scarcity  over  the 
next  20  years.  The  results  are  shown  in  Table  3-4  as  1975  base¬ 
line  data  and  as  two  values  for  the  year  2000.  The  2000  "high" 
values  are  disaggregated  according  to  the  regression  lines  of 
Figure  3-2.  The  2000  "low"  values  are  disaggregations  of  the 
WRC  pro jecti ons  . 

In  terms  of  total  quantity  or  supply  of  fresh  water  from 
surface  and  groundwater  sources,  there  will  be  no  scarcity  in 
terms  of  the  projected  demand.  The  data  of  Table  3-4  show,  however, 
that  in  some  regions  of  the  United  States  local  supplies  are 
already  inadequate.  Projections  of  demand  for  these  regions 
show  that,  in  spite  of  present  short  supplies,  water  demand  is 
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TABLE  3-4.  Forecasts  of  Water  With 
for  those  Basins  Expect 
Water  Scarcity  (Million 


recasts  of  Water  Withdrawals  by  Use 
tegory  for  Those  Rasins  to  Be  Affected 
Water  Scarcity  (Millions  of  Gallons 
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1621  367  297  650  375 


expected  to  increase  in  all  use  categories.  Technological  advances 
(discussed  in  Chapter  5)  will  be  necessary  if  this  conflict 
between  increased  demand  and  dwindling  supply  is  to  be  resolved. 

The  South  At  1  an t i c- Gu 1 f  Region 

The  South  At! anti c-Gul f  Region  encompasses  a  total  area 
of  about  271,384  square  miles.  The  region  contains  24  major 
river  basins  and  many  minor  coastal  river  systems.  It  has  ample 
surface  and  groundwater  to  provide  for  an  expanding  economy. 

Coastal  plain  areas  generally  contain  an  abundance  of  good  quality 

groundwater  that  can  be  developed  for  human  use.  However, 
these  water  resources  are  not  always  well-located  within  a  region 
with  respect  to  needs,  and  local  water  shortages  already  exist 
in  highly  developed  upstream  areas.  Steam -electric  plants 
currently  make  the  largest  water  withdrawals;  there  also  are 
large  water  demands  by  the  paper  and  pulp  industry. 

Major  water  problems  occur  as  a  result  of  population 
and  industrial  growth,  and  related  gr‘  h  of  water  demand,  in 
areas  where  water  is  limited.  Stream  headwater  areas  are  particu¬ 
larly  affected.  In  other  areas,  overpumping  of  groundwater  has 
led  to  salt  water  intrusion,  another  threat  to  usable  water 
supply.  In  addition  to  water  quantity  limitations,  there  are 
problems  of  excessive  pollutants  reaching  the  streams  and 
coastal  waters,  and,  in  some  areas,  threatening  groundwater 
resources.  Protection  of  the  beach  areas  and  associated  waters 
from  erosion  and  water  quality  degradation  is  a  major  concern. 
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Conflicts  over  the  dredging  and  filling  of  wetlands,  among 
other  water  and  related  land  use  issues,  are  a  major  concern 
within  the  region.  Numerous  management  problems  occur  along 
interstate  streams  regarding  interbasin  and  interstate  transfers 
of  water,  and  the  region  contains  many  env i ronmental ly  sensitive 
areas. 

The  Southern  Coastal  Plain  region  is  currently 
experiencing  rapid  population  increases  due  to  immigration  from 
the  northeast  as  well  as  a  continued  influx  of  refugees.  Some 
of  the  common  problems  in  the  region  include: 

•  Population  concentration  causes  urban 
water  supply  problems 

•  Expanding  economies  require  more  water 

•  High  use  of  water  for  irrigation 

•  Salt  water  intrusion  in  near-shore 
and  estuarine  areas  caused  by  ground 

water  overdraft 

§  Lack  of  water  conservation 

The  number  of  steam-electric  power  plants,  currently 
making  the  largest  water  withdrawals  in  this  region,  is  likely  to 
increase  by  five  times  or  more  by  the  year  2000,  resulting  in 
further,  greatly  increased,  water  withdrawals.  It  is  projected 
that  most  of  the  new  power  facilities,  for  reasons  of  efficiency 
and  economy,  are  likely  to  be  1000  megawatts  or  more  in  size, 
raising  the  possibility  that  some  local  waters  will  not  be  able 
to  support  the  increased  consumptive  losses  or  to  assimilate 
waste  heat  without  costly  and  auxiliary  cooling  systems. 


Moreover,  the  peak  electrical  demand  in  the  South  Atlantic- 
Gulf  region,  due  to  geographical  conditions,  occurs  during 
the  summer  months.  Summer  is  generally  the  period  of  lower  river 
flows,  higher  water  temperatures,  and  decreased  waste  assimilative 
capacity--a  combination  of  factors  that  exacerbate  water  short¬ 
age  problems. 

The  Upper  Mississippi  Region 

The  Upper  Mississippi  Region  includes  the  drainage  area 
of  the  Mississippi  River  above  its  confluence  with  the  Ohio  River. 
It  encompasses  about  180,731  square  miles.  Many  rivers  flow 
through  the  region  in  a  general  north-south  direction,  with  the 
Mississippi  River  bisecting  the  area.  Tributaries  of  the 
Mississippi  drain  most  of  Minnesota,  Wisconsin,  Illinois,  and 
Iowa;  a  significant  portion  of  Missouri;  and  small  areas  in 
Indiana,  Michigan,  and  South  Dakota.  The  Upper  Mississippi  River 
is  a  key  element  in  the  nation's  inland  waterway  system.  Large 
amounts  of  ground  water  are  stored  within  much  of  the  region. 

The  regional  gross  water  supply  situation  is  very  good,  and 
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land  and  water  resources  are  ample  to  provide  for  an  expanding 
economy  with  a  quality  environment. 

Water  is  withdrawn  from  the  streams  and  ground  for  many 
uses;  the  largest  amount  is  used  as  cooling  water  for  steam 
electric  plants.  Most  water  problems  in  this  region  are  associated 
with  water  quality,  erosion  and  sedimentation,  flooding,  land 
use  conflicts,  local  water  supply,  instream  flow  inadequacies. 
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drainage,  navigation,  and  dredging.  Water  quality  problems 
and  erosion  and  sedimentation  tend  to  be  more  severe  in  the 
downstream  areas. 

Water  quality  is  often  a  major  concern  in  metropolitan 
areas,  while  serious  water  supply  shortages  occur  in  some  rural 
places.  during  drought  periods,  locally  high  withdrawal  and 
consumptive-use  demands  create  supply  and  instream  flow  problems. 

The  largest  use  of  water  currently  withdrawn  is  for 
steam  electric  although  irrigation,  manufacturing,  urban  water 
and  minerals  industry  use  a  portion.  Steam  electric  generation 
is  expected  to  increase  five  fold  the  1975  level,  although  water 
withdrawals  for  electrical  power  generation  would  not  increase 
proportionately.  Mineral  production  and  mining  have  relatively 
minor  water  needs  compared  to  those  of  large  users  such  as  agri¬ 
culture.  Mineral  production  includes  the  extraction  and  primary 
processing  of  three  types  of  minerals:  metals,  nonmetals,  and 
fuels.  The  mineral  industry  accounted  for  only  2.1  percent 
of  the  nation's  fresh  water  withdrawals  in  1975;  however,  with 
increasing  demand  for  minerals,  these  water  withdrawals  are  ex¬ 
pected  to  increase  by  about  61  percent  by  the  year  20f>0,  to 
approximately  3.7  percent  of  the  nation's  fresh  water  withdrawals. 
Consumption  is  projected  to  increase  by  74  percent  by  2000. 

The  Upper  Mississippi  region  is  expected  to  increase 
its  overall  water  withdrawals  by  about  150-200  percent  by  the 
year  2000.  Current  trends  in  mineral  mining  in  the  region  are 
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toward  large-scale  mineral  operations.  Processing  lower  grade 
ores  requires  higher  capital  outlays  and  longer-term  market  com¬ 
mitments  and  generally  requires  more  water  per  unit  of  production. 
This  trend  will  contribute  significantly  to  the  tremendous  in¬ 
crease  in  water  usage  by  mineral  industry  by  the  year  2000. 

The  Lower  Mississippi  Region 

The  total  area  of  the  Lower  Mississippi  Region  is  about 
105,177  square  miles  and  the  region  includes  portions  of  Missouri, 
Tennessee,  Kentucky,  Arkansas,  Mississippi,  and  Louisiana.  The 
Mississippi  River  and  the  Gulf  Intracoastal  Waterway  are  nationally 
important  navigation  systems. 

In  general,  water  supplies  are  adequate,  and  most  water 
supply  problems  are  related  more  to  resource  distribution  than  to 
availability.  The  region  has  vast  groundwater  reserves  and 
benefits  from  the  tremendous  inflow  from  the  Upper  Mississippi 
and  its  tributaries.  Localized  shortages  occur  because  of  lack 
of  access  to  drainage  arteries  or  because  of  poor  or  insufficient 
groundwater  sources.  The  largest  portion  of  water  withdrawals  is 
used  for  irrigation.  The  major  needs  and  problems  are  concerned 
with  water  supplies  for  municipal,  industrial,  thermo-electric 
power  generation,  energy  production,  and  irrigation  uses  and 
with  developments  for  navigation,  flood  control,  land  treatment  and 
management,  fish  and  wildlife  habitat,  and  wa te r- or  1 en ted  outdoor 
recreation.  The  maintenance  and  improvement  of  the  existing  navi¬ 
gation  system  in  the  Lower  Mississippi  region  is  important  on  both 
regional  and  national  levels. 
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Flood  control  on  the  Mississippi  River  and  its  tribu¬ 


taries  is  a  most  severe  and  urgent  problem,  as  approximately  half 
of  the  Lower  Mississippi  region  is  subject  to  flooding.  Most  of 
the  flood-prone  lands  are  used  for  crop  production  and  pasture. 
Meeting  the  increased  future  need  for  food  will  require  continued 
and  accelerated  planning  for  flood  control  and  other  resource 
development  measures  to  ameliorate  the  major  agricultural  losses 
attributable  to  flooding. 

The  steam-electric  industry  is  forecast  to  increase 
total  water  withdrawals  in  the  region.  The  region  is  also  ex¬ 
pected  to  become  the  largest  water  user  in  the  nation  for  oil 
and  gas  recovery  and  processing,  especially  in  the  rapidly 
expanding  use  of  secondary  recovery  methods,  which  involve  in¬ 
jection  of  water  to  flood  older  wells.  These  water  withdrawals 
are  expected  to  increase  from  644  million  gallons  in  1975  to 
about  1065  million  gallons  by  the  year  2000. 

The  Missouri  Region 

The  Missouri  Region  contains  one-sixth  of  the  land  area 
of  the  48  contiguous  states,  about  511,309  square  miles.  There 
are  few  natural  lakes;  most  of  the  region's  available  water  areas 
is  in  and  around  manmade  reservoirs.  Six  large  reservoirs  on  the 
Missouri  River  main  stream  generate  most  of  the  regions'  hydro- 
power,  maintain  adequate  flows  for  an  8-month  navigation  season 
and  provide  for  water-quality  control  and  water  supply  needs.  They 
also  permit  diversion  of  water  northeastward  and  eastward  for 
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irrigation  and  for  municipal  and  industrial  needs.  Other 
manmade  tributary  reservoirs  provide  additional  storage  capacity, 
with  most  of  the  water  surface  used  for  recreation;  they  also 
provide  for  fish  and  wildlife  propagation  and  preservation. 

Water  shortages  occur  at  many  locations  throughout  the 
region  during  periods  of  low  streamflow.  Seven  states  in  the 
region  are  considered  to  have  water-short  areas.  A  great  portion 
of  the  water  consumed  in  the  region  is  used  for  irrigation. 

This  situation  will  probably  continue  as  the  number  of  acres  of 
land  under  irrigation  has  been  increasing  steadily  and  is  expected 
to  continue  to  grow. 

The  Northern  Great  Plains  of  the  Missouri  Region  contain 
large  reserves  of  low-sulphur  coal,  which  will  probably  be  used 
to  meet  a  significant  portion  of  the  country's  future  energy  needs. 
Withdrawals  for  mining  of  this  fuel  will  increase  from  144  MGD 
in  1975  to  236  MGD  in  2000. 

There  are  numerous  water  and  related  land  use  problems 
throughout  the  region.  Because  Indian  and  Federal  reserve  water 
rights  have  not  been  quantified,  it  is  difficult,  and  sometimes 
impossible,  to  plan  for  using  and  managing  the  available  water 
supplies  in  large  areas  of  the  region.  The  projected  estimates 
of  future  water  use  indicate  that,  during  extended  drought 
periods,  sufficient  water  to  maintain  navigation  flows  may  not  be 
available.  The  western  streams  are  particularly  susceptible  to 
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fluctuations  since  they  are  fed  only  by  spring  snowmelt  and  run 
off  from  erratic  rainfall.  At  times,  the  only  streamflow  results 
from  reservoir  releases  or  irrigation  return  flows.  Sheet,  gully, 
and  stream  back  erosion  result  in  the  loss  of  valuable  soils  and 
usable  lands  at  many  locations,  and  make  silt  the  worst  pollutant 
throughout  the  region.  Some  communities  suffer  periodic  flooding, 
and  many  suffer  periodic  water  shortages.  Non-point  source  pol¬ 
lution  will  continue  to  impair  water  quality. 

The  Ark  an sa s-Wh i te- Red  Region 

The  Arkansas-White-Red  Region  has  an  area  of  about 
244,083  square  miles.  All  three  rivers  discharge  into  the 
Mississippi  River  and  together  they  drain  all  of  Oklahoma  and 
parts  of  Colorado,  Kansas,  Missouri,  Arkansas,  New  Mexico,  Texas, 
and  Loui si  ana  . 

The  overall  water  supply  outlook  is  tenuous  since  much 
water  resource  development  will  be  needed  to  keep  pace  with 
growing  water  demand  while  preserving  desired  environmental  con¬ 
ditions.  The  quantity  of  water  available  in  the  western  and 
central  areas  is  inadequate  for  many  requirements.  Irrigation  ac- 
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counts  for  the  largest  portion  of  water  withdrawals  and  con¬ 
sumptive  use. 

Difficult  water  supply  problems  are  experienced  in  the 
high  plains  and  central  areas,  and  these  will  require  cities 
and  industries  to  change  their  patterns  of  water  use  to  meet 
pollution  discharge  restrictions  and  to  satisfy  supply  needs 
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economically.  In  addition  to  water  quantity  limitations,  there 
are  concerns  about  water  quality,  erosion  and  sedimentation, 
flooding,  and  Indian  water  rights.  The  large  irrigation  water 
requirement  often  accentuates  these  problems  by  creating  low 
streamflows  and  groundwater  depletions. 

To  permit  better  utilization  of  water,  various  compacts 
between  states  may  be  required.  The  continuous  depletion  of 
groundwater  supplies  due  to  inadequate  recharge  and  the  con¬ 
stantly  increasing  irrigation  needs  could  be  a  significant  water 
supply  problem  in  the  area,  particularly  with  the  projected 
increases  in  electric  oower  generation  and  in  the  mineral  industry 
by  the  year  2000.  The  e  will  be  intense  and  increasing  com¬ 
petition  for  the  region's  water  supply.  Water  will  be  diverted 
from  irrigation,  causing  changes  in  the  agriculture-based 
economy  of  the  region.  Growth  and  development  of  energy-re¬ 
lated  industries  would  create  new  jobs  and  further  impact  on  the 
economic  base  of  the  region.  With  agriculture  and  energy  com¬ 
peting  for  water  supplies,  new  industries  may  not  be  able  to  de¬ 
velop,  resulting  in  a  relative  decrease  in  industrial  and 
economic  activity.  This  could  affect  the  standard  of  living  of 
the  region. 

The  Texas-Gulf  Region 

The  Texas-Gulf  Region  comprises  about  177,754  square 
miles.  Virtually  all  of  the  region  lies  within  Texas,  although 
small  portions  of  Louisiana  and  New  Mexico  are  included.  Much 
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fluctuations  since  they  are  fed  only  by  spring  snowmelt  and  run 
off  from  erratic  rainfall.  At  times,  the  only  streamflow  results 
from  reservoir  releases  or  irrigation  return  flows.  Sheet,  gully, 
and  stream  back  erosion  result  in  the  loss  of  valuable  soils  and 


usable  lands  at  many  locatio-fis,  and  make  silt  the  worst  pollutant 
throughout  the  region.  Some  communities  suffer  periodic  flooding, 
and  many  suffer  periodic  water  shortages.  Non-point  source  pol¬ 
lution  will  continue  to  impair  water  quality. 

The  Ark  an sa s- Wh i te- Red  Region 

The  Arkans as -W hi te- Red  Region  has  an  area  of  about 
244,083  square  miles.  All  three  rivers  discharge  into  the 
Mississippi  River  and  together  they  drain  all  of  Oklahoma  and 
parts  of  Colorado,  Kansas,  Missouri,  Arkansas,  New  Mexico,  Texas, 


and  Louisiana. 


The  overall  water  supply  outlook  is  tenuous  since  much 
water  resource  development  will  be  needed  to  keep  pace  with 
growing  water  demand  while  preserving  desired  environmental  con¬ 
ditions.  The  quantity  of  water  available  in  the  western  and 
central  areas  is  inadequate  for  many  requirements.  Irrigation  ac- 
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counts  for  the  largest  portion  of  water  withdrawals  and  con¬ 
sumptive  use. 

Difficult  water  supply  problems  are  experienced  in  the 
high  plains  and  central  areas,  and  these  will  require  cities 
and  industries  to  change  their  patterns  of  water  use  to  meet 
pollution  discharge  restrictions  and  to  satisfy  supply  needs 
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of  the  region  consists  of  the  drainage  areas  of  the  Sabine, 

Neches,  Trinity,  San  Jacinto,  Brazos,  Colorado,  Lavaca,  Guadalupe, 
San  Antonio,  and  Nueces  Rivers  and  associated  coastal  basins. 

These  rivers  drain  generally  northwest-to-southeast  and  into  the 
Gulf  of  Mexico.  The  ports  in  the  Texas-Gulf  region  are  among 
the  busiest  in  the  nation. 

Historically,  groundwater  has  met  an  appreciable 
percentage  of  total  water  supply  requirements.  Because  pumpage 
exceeds  natural  recharge  in  most  aquifers,  however,  the  region 
will  become  increasingly  dependent  on  surface  water  supplies. 

In  many  areas,  especially  in  the  western  portion  of  the  region, 
water  supply  will  become  critical.  Irrigated  agriculture  uses 
the  largest  amount  of  water.  In  much  of  the  Texas-Gulf  region 
there  is  little  excess  storage  capacity  in  surface  water  reser¬ 
voirs  to  meet  water  demands  during  drought.  Coupled  with  de¬ 
clining  groundwater  resources,  this  could  result  in  serious 
supply  shortages. 

In  addition  to  supply  limitations,  there  are  problems 
of  water  quality,  flooding,  drainage,  erosion  and  sedimentation, 
inadequate  water-oriented  recreation  opportunities,  and  land  sub¬ 
sidence  and  fault  activation.  Estuarine  management  would  help 
assure  sufficient  fresh  water  inflows  at  appropriate  geographic 
1 ocations . 

Major  water  problems  in  this  region  can  be  summarized 
as  follows: 
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•  Groundwater  overdrafts  result  in  decreased 
contributions  from  aquifers 

•  Land  subsidence  and  saline-water  encroachment 
as  a  result  of  pumping  from  aquifers 

•  Curtailment  of  municipal,  industrial,  and 
agricultural  growth  as  the  consequence  of 
water  shortages 

•  Decline  of  agricultural  industries  due  to 
depletion  of  groundwater  supplies 

•  Water  quality  problems  resulting  from  natural 
salt  sources  in  some  river  and  estuarine  systems. 

Water  scarcity  currently  exists  in  the  western  part 
of  the  region  and  is  likely  to  become  critical  in  the  near  future. 
As  a  result  of  continued  groundwater  mining,  supplies  stand  at 
a  very  low  level  in  most  of  the  region  while  at  other  places 
they  have  totally  disappeared.  Irrigation  is  currently  the 
major  user  of  water,  though  manufacturing  and  energy  producing 
facilities  are  projected  to  exceed  this  usage.  The  region  also 
has  the  highest  concentration  of  refineries  and  the  largest  gross 
water  usage  for  refining.  However,  by  substituting  saline  water 
for  fresh  water  and  by  recycling,  the  refining  industry  has  been 
able  to  satisy  its  water  requirements.  The  situation  is  likely 
to  change  in  the  near  future  as  the  use  of  saline  water  is  pro¬ 
jected  to  be  phased  out  by  year  2000  and  replaced  with  recir¬ 
culating  fresh  water  systems. 

The  region  is  also  projected  to  significantly  increase 
water  consumption  in  secondary  recovery  operations  of  oil.  The 
result  is  that  fresh  water  withdrawals  for  petroleum  re  fining, 
counter  to  the  national  trend,  are  projected  to  increase  con¬ 
siderably.  Domestic  and  commercial  water  use  are  also  expected 
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to  increase.  The  potential  competition  from  other  sectors  due 
to  the  potential  increase  in  their  growth,  as  well  as  the  pro¬ 
jected  increase  in  population  in  the  region,  could  cause  intense 
competition  for  water  in  the  Texas-Gulf  region.  This  competition 
is  likely  to  divert  irrigation  water  to  other  regional  uses  in 
the  absence  of  any  alternate  water  sources. 

The  Rio  Grande  Region 

The  Rio  Grande  region,  in  the  southwest  corner  of  the 
United  States,  has  a  total  area  of  about  137,175  square  miles. 

The  Rio  Grande  River  flows  sou t h- sou th e a s twa r d  to  the  Gulf  of 
Mexico;  its  waters  are  regulated  by  various  treaties  and  com¬ 
pacts  between  the  United  States  and  Mexico  and  among  Colorado, 

New  Mexico,  and  Texas.  Closed  basins  are  an  important  factor  in 
the  region's  hydrology.  Groundwater  is  an  important  component 
of  the  water  supply,  which  will  be  under  added  stress  due  to  in¬ 
creasing  future  population.  There  is  no  surplus  water  for  new 
or  expanding  current  uses  since  the  existing  supply  is  completely 
appropriated  by  current  demands.  Irrigation  is  the  major  water 
consumer . 

Shortages  exist  in  meeting  current  needs,  making  con¬ 
servation  a  necessity.  Groundwater  depletions  are  anticipated, 
along  with  salinity  problems  caused  by  reuse  of  water  in  the 
basin.  Hissolved  and  suspended  solids  are  major  pollutants, 
degrading  water  quality.  Other  problems  involve  erosion  and 
sedimentation,  flooding,  unsatisfactory  domestic  water  supplies 
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(under  the  1974  Safe  Drinking  Water  Act),  and  the  need  for  more 
water-based  recreation  opportunities. 

The  Lower  Colorado  Region 

The  Lower  Colorado  Region  encompasses  an  area  of  about 
154,848  square  miles.  It  includes  several  closed  basins  in 
Arizona,  western  New  Mexico,  southern  Nevada,  southwestern  Utah, 
and  parts  of  Arizona  and  New  Mexico  that  drain  into  Mexico. 

Except  for  a  portion  of  southern  California,  the  region  is  hydro¬ 
log  i cal ly  defined  by  the  drainage  area  of  the  Colorado  River  be¬ 
low  Lee  Terry,  Arizona.  The  Lower  Colorado  region  receives  an 
annual  apportionment  of  Colorado  River  water,  as  established  by 
various  treaties  and  compacts. 

Though  the  Colorado  River  System  is  one  of  the  more  water- 
deficient  river  systems  in  the  nation,  over  half  the  population  of 
the  west  is  dependent  on  its  meager  and  poorly  distributed  water 
supply.  Current  water  uses  are  exceeding  available  renewable 
supplies.  The  deficiency  is  now  being  met  by  overdraft  of  the 
groundwater  supply  in  central  Arizona  and  southern  Nevada.  Water 
withdrawals  are  used  mainly  for  irrigation;  almost,  half  of  the 
irrigated  acres  in  the  region  are  dependent  entirely  on  the 
dwindling  groundwater  supplies. 

The  average  annual  supply  of  the  Colorado  River  soon 


will  be  inadequate  to  meet  treaty  and  compact  requirements.  Sur 
face  and  groundwater  supplies  are  insufficient  to  meet  present 


uses,  and  aquifers  are  being  overdrawn.  As  groundwater  levels 
drop,  problems  associated  with  increased  pumping  costs,  land 
subsidence,  and  °arth  fissures  become  more  prevalent.  A  major 
water  quality  concern  stems  from  the  high  levels  of  dissolved 
mineral  salts.  The  Lower  Colorado  also  experiences  problems  of 
flooding  and  of  erosion  and  sedimentation. 

The  Great  Basin  Region 

The  Great  Basin  Region  encompasses  approximately 
139,389  square  miles  in  Utah,  Nevada,  and  Idaho.  Most  of  the 
streamflow  in  the  region  originates  in  the  high  mountains  at 
its  eastern  and  western  edges.  The  region  is  part  of  a  hydro- 
logically  closed  basin,  and  all  of  the  rivers  and  streams 
eventually  end  in  terminal  lakes  or  sinks  where  evaporation 
creates  high  salinities. 

The  available  water  supply  in  the  region  is  not  suffi 
cient  to  meet  needs  in  many  areas.  Streamflows  vary  seasonally 
and  diminish  drastically  in  later  summer;  therefore,  surface 
water  resources  are  poorly  distributed  with  respect  to  time  and 
location.  Groundwater  supports  most  developments  located  away 
from  the  base  of  the  mountains,  but  recharge  rates  are  low  and 
storage  depletions  occur  in  the  central  parts  of  the  region. 
Irrigation  is  the  largest  use  of  withdrawals  from  surface  and 
groundwater  sources. 


The  scarcity  of  water  in  the  region  generates  competi 
tion  for  its  use  and  for  land  that  is  well-located  with  respect 


to  water.  In  several  areas,  lack  of  water  is  impeding  further 
economic  development,  and  urbanization  of  agricultural  lands  is 
causing  conflicts.  The  region's  ample  land  resources  cannot 
be  used  to  the  fullest  extent  for  agricultural  purposes  because 
water  availability  is  limited.  Water  quality  varies  from 
excellent  in  mountain  headwater  streams  to  poor  in  lower  stream 
reaches  and  terminal  lakes.  Principal  pollutants  are  salts, 
sediment,  nutrients,  and  heat.  Flooding  is  a  serious  and  wide¬ 
spread  problem.  Other  important  water-related  issues  stem  from 
institutional  and  financial  arrangements. 

Projections  for  the  year  2000  suggest  a  16  percent 
decrease  in  irrigation  water  usage.  Projections  for  other  com¬ 
peting  usages  in  the  region,  however,  show  tremendous  increases 
by  the  year  2000.  Water  use  for  mineral  mining  is  projected  to 
increase  by  85  to  258  percent,  while  the  expected  increase  for 
domestic  and  commercial  uses  is  40  to  145  percent  over  the  same 
time  period.  With  the  projected  61  percent  increase  in  population 
by  the  year  2000,  the  water  resources  of  the  region  will  be  sub¬ 
ject  to  intense  stress.  Alternatively,  irrigation  supplies  would 
have  to  be  diverted  to  meet  the  growing  needs  of  the  population 
and  industry.  Any  water  scarcity  would  have  a  direct  bearing  not 
only  on  the  present  industries  hut  also  any  new  potential  industrial 
and  commercial  development.  This  would  strongly  effect  the 
economy  of  the  region. 


The  Pacific  Northwest  Region 

The  Pacific  Northwest  region  occupies  110,919  square 
miles  in  the  northwestern  United  States.  The  region  as  a  whole 
has  an  abundant  supply  of  water  on  an  average  annual  basis. 

This  supply,  however,  is  not  equally  distributed  throughout  the 
year  or  throughout  the  region.  In  some  areas,  the  inadequacy 
of  surface  water  supplies  is  compensated  for  by  the  presence  of 
significant  groundwater  supplies.  In  many  areas,  however, 
particularly  east  of  the  Cascade  Range,  the  lack  of  adequate 
supplies  both  surface  and  groundwater  results  in  seasonal  short¬ 
ages  of  water,  particularly  for  use  in  irrigation,  resulting  in 
conflicts  between  competing  instream  and  offstream  uses. 

Irrigation  is  the  principal  offstream  use  of  water 
withdrawals  while  fish  life,  recreation,  hydroelectric  power, 
and  navigation  are  the  principal  instream  uses.  During  the 
summer,  conflicts  exist  between  the  need  for  irrigation  and  the 
need  for  sufficient  streamflows  to  maintain  high  water  quality 
for  the  salmon  fishery.  Additional  reservoirs  can  only  be  con¬ 
structed  in  prime  wildlife  habitats  or  areas  of  high  scenic 
value.  Many  water  quality  problems  have  been  remedied  already; 
major  remaining  difficulties  are  associated  with  enrichment  of 
streamflow,  sedimentation,  and  estuarine  pollutioh.  Major  land 
use  conflicts  occur  between  development  and  conservation  uses. 
The  legal  status  of  water  flowing  through  Federal  reserved  lands 
and  Indian  reservations  is  unclear. 
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The  California  region  includes  about  164,892  square 
miles  with  1,050  miles  of  coastline.  It  includes  the  State  of 
California  and  Klamath  County,  Oregon.  Water  supplies  are 
poorly  distributed  in  place  and  time  with  respect  to  need. 

Areas  of  water  surpluses  are  in  the  northern  part  of  the  region, 
while  areas  of  primary  water  demand  are  in  the  central  and 
southern  portions.  Similarly,  the  largest  irrigation  demand  oc¬ 
curs  in  later  summer,  while  peak  supply  occurs  in  the  winter.  Res¬ 
ervoir  storage  and  extensive  conveyance  facilities  have  been  developed 
to  permit  effective  use  of  surface  water.  Groundwater  has  also  been 
widely  developed.  Fresh  water  withdrawals  are  mainly  for  irrigation. 

One  of  the  region's  major  concerns  is  the  discrepant 
distribution  of  water  supplies.  The  quality  of  most  of  the  water 
in  the  region  is  superior  to  the  average  quality  of  waters  in  the 
nation,  but  ranges  from  extremely  high  in  alpine  lakes  to  low 
along  the  southern  coast  and  in  the  lower  parts  of  closed  basins. 
Erosion  and  sedimentation,  flooding,  shortages  of  groundwater, 
and  needs  for  recreational  water  surface  area  and  drainage  are 
problems  faced  by  various  subareas  in  the  region.  Other  major 
issues  in  the  region  include  allocation  of  limited  inland  waters 
for  power  plant  cooling,  water  rights,  wastewater  reclamation 
and  environmental  protection. 

It  is  projected  that  by  2000  the  irrigated  acreage  in 
California  would  increase  from  9  to  over  10  million  acres,  and 
that  the  total  amount  of  water  used  for  irrigation  will  also 
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increase  significantly.  In  areas  of  water  scarcity  this  will 
result  in  competing  uses  of  water.  This  could  directly  affect 
the  economy  of  the  region  which  strongly  depends  upon  the  avail¬ 
ability  of  water  to  produce  food  and  fiber  both  for  domestic  con¬ 
sumption  and  for  exports.  However,  surface  water  in  California 
is  generally  in  short  supply  and  any  irrigation  expansion  will 
generally  come  from  groundwaters  that  are  already  being  mined  and 
severely  depleted  in  many  areas.  Moreover,  irrigation  with 
groundwater  ultimately  affects  streamflow  impacting  on  such  uses  as 
navigation,  fish,  wildlife  and  recreation,  maintenance,  waste 
assimilation  or  energy  development. 

With  increasing  population,  various  allied  activities 
such  as  manufacturing,  power  production,  domestic  and  commercial 
usage  of  water  and  recreation  are  expected  to  show  increases. 

Among  these,  the  need  for  energy  production  is  most  critical. 

The  Caribbean  Region 

Puerto  Rico  is  the  largest  of  the  two  subbasins  of  the 
Caribbean  region  and  has  a  territory  of  about  3,435  square  miles. 
The  U .  S.  Virgin  Islands  consist  of  an  area  of  about  132  square 
miles.  Most  of  the  rivers  in  Puerto  Rico  are  short  in  length,  and 
none  are  very  large  in  terms  of  size  or  flow.  The  largest  river, 
the  Rio  Grande  de  Loiza,  has  a  drainage  area  of  only  310  square 
miles.  Streamflow  in  the  Virgin  Islands  is  ephemeral,  and  stream 
channels  respond  quickly  to  rainfall  due  to  the  extremely  steep 
topography  and  tiny  watershed  areas. 


3-35 


Because  of  the  lack  of  island-wide  distribution  systems 
in  Puerto  Rico,  water  supplies  which  are  ample  overall  cannot  ful¬ 
fill  the  needs  of  heavy  demand  areas.  If  managed  wisely,  Puerto 
Rico's  water  resources  are  sufficient  to  support  significantly  in¬ 
creased  levels  of  population  and  economic  activity.  Water  quality 
is  a  major  concern  as  surface  waters  are  used  as  waste  depositories 
and  for  domestic  and  agricultural  needs.  Flooding,  erosion  and 
sedimentation  are  experienced  throughout  the  region. 

The  Virgin  Islands  have  very  limited  water  supplies. 

Water  sources  include  raw  and  desalinated  sea  water,  rainwater 
collection,  wastewater  recycling,  and  barging.  The  distribution 
facilities  are  very  poor,  and  the  desalination  plants  experience 
frequent  fai lures  . 

SURFACE  WATER  SUPPLIES 

Surface  waters  comprise  rivers,  streams,  lakes,  swamps, 
marshes,  and  manmade  reservoirs.  Approximately  2/3  of  all  water 
supplies  is  withdrawn  from  surface  sources.  Surface  supplies  are 
replenished  primarily  through  precipitation.  On  an  annual  basis, 
4,200  billion  gallons  per  day  of  precipitation  occurs,  primarily 
as  rain.  Of  this  amount,  2,800  BGD  are  "lost"  to  evaporation, 
leaving  approximately  1,400  BGD  available  for  surface  water  re¬ 
plenishment,  groundwater  recharge,  etc.  There  is  extreme  seasonal 
and  regional  variability  in  precipitation.  For  example,  average 
annual  streamflow  varies  from  less  than  4  inches  to  more  than  200 
inches  across  the  outermost  u  S.  The  direct  result  of 

varying  precipitation  is  localized  droughts. 

Precipitation  enters  surface  waters  directly  and 
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indirectly.  Indirect  replenishment  is  due  to  the  runoff  that 
occurs  when  rainwater  saturates  the  surface  material  and 
drains  into  a  nearby  water  body.  Drainage  occurs  both  over  the 
and  through  the  ground.  Since  the  surface  area  of  water  bodies 
is  considerably  smaller  than  that  of  the  land,  most  replenishment 
is  via  runoff. 

The  surface  over  which  runoff  occurs  determines,  in 

large  part,  the  quality  of  the  water  entering  surface  waters. 
Similarly,  air  pollutants  affect  the  quality  of  the  rainfall 
(e.g.  acid  rain).  The  combined  effect  of  precipitation  as  a 
result  of  a  polluted  atmosphere  and  land  forms,  rich  in  toxic 
and  hazardous  substances,  is  contamination  of  surface  waters. 

Tor  example,  the  effects  of  acid  rain  are  just  being  learned. 

The  effects  of  runoff  containing  pesticides  as  well  as  siltation 
from  urban  areas  and  cities  are  becoming  better  understood. 

The  surface  waters  of  the  United  States  have,  for 
many  years,  been  used  as  convenient  and  inexpensive  dumping 
grounds  for  waste  resulting  from  domestic  and  industrial 
activities.  Federal  legislation  to  control  these  sources  of 
pollution  was  considerably  expanded  in  the  1  °  7  0  1  s  .  Expansion 
included  the  promulgation  of  specific  treatment  requirements 
for  municipal  and  industrial  discharges,  together  with  Federal 
assistance  for  planning  to  help  avoid/prohibit  harmful 
di scharges . 

The  result  of  this  massive  effort  at  pollution 
control  is  a  stabilization  in  the  rate  at  which  surface  water 
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bodies  are  being  contaminated.  As  new  knowledge  was  gained 
on  water  pollution,  the  awareness  of  the  extent  of  existing 
pollution  increased.  Today, pollution  of  water  bodies  is  stabilized, 
but  progress  toward  the  desired  goal  of  zero  discharge  is  slow. 

Surface  water  pollution  from  point  sources  affects 
approximately  one-third  of  the  IJ.  S.,  mostly  concentrated  east 
of  the  Mississippi  River.  P ri ma ry  COn tarn i na n ts  are  coliform 
bacteria,  toxic  substances,  heavy  metals,  nutrients  and  heat. 

Figure  3-5  shows  the  regions  of  the  IJ.  S.  affected. 

Surface  water  pollution  from  non-point  sources 
affects  specific  areas  of  the  IJ.  S.  primarily  the  northeast 
and  central  western  parts  of  the  country.  Primary  contaminants 
are  leachates  from  waste  disposal  areas  and  herbicides, 
pesticides  and  other  chemicals  from  agriculture.  Figure  3-6 
shows  the  regions  of  the  U.  S.  affected. 

An  effect  of  both  point  and  non-point  sources  of 
pollution  into  surface  lakes  and  reservoirs  is  eutrophication. 
Eutrophication  is  the  process  by  which  surface  water  bodies 
become  enriched  with  nutrients  (carbon,  nitrogen  and  phosphorus). 

The  effect  is  the  proliferation  of  aquatic  plants  to  the  point 
where  they  deplete  oxygen  during  the  absence  of  photosynthesis. 
Oxygen  depletion  is  further  accelerated  by di scharges . 

The  result  of  oxygen  depletion  is  death  of  aquatic  plants 
and  animals,  with  consequent  decay  and  odor.  Eutrophication 
affects  a  large  portion  of  the  U.  S.  as  shown  in  Figure  3-7. 
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Superposition  of  the  three  Figures  shows  that 
almost  all  of  the  surface  water  bodies  of  the  U.  S.  are  subject 


to  pollution.  Federal  and  state  legislation  and  programs 
have  at  least  stopped  the  increase  of  pollution  and  brought 
about  a  trend  toward  the  control  of  all  discharges,  both  point 
and  non-point  sources.  This  trend  will  accelerate  over  the 
next  twenty  years  as  more  stringent  controls  are  made  possible 
through  technology,  conservation  and  economic  incentives  (and 
disincentives) . 

GROUNDWATER  SUPPLIES 

Groundwater  is  subsurface  water  that  occurs  in 
soils  and  geologic  formations  that  are  fully  saturated.  The 
groundwaters  of  the  United  States  are  a  vast  resource  estimated 
to  have  a  volume  greater  than  all  the  surface  waters,  and 
more  than  the  total  capacity  of  all  the  Nation’s  lakes  and 
reservoirs  (including  the  Great  Lakes).  This  volume  is  equiv¬ 
alent  to  about  35  years  of  surface  runoff.  Figure  3-8  shows 
the  physiographic  distribution  of  the  Nation's  groundwater 
f ormat i on . 

The  physical  characteristics  of  groundwater  aquifers 
vary  widely.  A  large  number  of  aquifers  are  located  near 
(within  2,500  feet)  the  surface  of  the  earth.  They  are  ex¬ 
tensive  and  thick  in  some  places,  deep  and  thin  in  others. 

Some  of  these  groundwater  reservoirs  receive  ample  replenish¬ 
ment  from  rain  and  snow,  while  others  receive  small  or  even 
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negligible  recharge.  About  30  percent  of  the  Nation's  stream- 
flows  in  an  average  year  is  groundwater  that  emerges  as 
natural  springs  or  other  seepage.  In  turn,  seepage  from 
streams,  rivers,  canals  and  reservoirs  is  a  principal  source 
of  groundwater  recharge.  During  years  with  subnormal  pre¬ 
cipitation,  most  of  the  flow  in  many  smaller  streams  in  low 
flow  months  comes  from  the  groundwater. 

The  interaction  of  surface  flow  and  groundwater 
is  extemely  important.  Moreover,  it  is  important  to  know 
the  amount  of  water  in  underground  storage,  its  quality, 
the  amount  considered  readily  available,  the  amount  currently 
being  withdrawn,  and  the  rate  of  annual  recharge.  With¬ 
drawals  in  excess  of  annual  recharge  is  termed  groundwater 
"mining" . 

Of  the  100  billion  acre  feet  or  35  x  10®  billion 
gallons  of  groundwater  within  2500  feet  of  earth's  surface 
half  is  considered  to  be  extractable  if  no  consideration  is 
given  to  the  resulting  effect  on  stream  flow,  the  environ¬ 
mental  impacts  and  the  costs  of  extraction.  Presently,  the 
Nation  is  mining  groundwater  at  a  rate  of  21  billion  gallons 
per  day.  The  principal  use  of  mined  water  is  for  irrigated 
agriculture.  The  impacts  of  such  excessive  withdrawals 
include  declining  and  cessation  of  yield  from  production 
wells,  land  subsidence,  declining  spring  and  stream  flow  and 
salt  water  intrusion.  Regions  of  the  United  States  already 
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experiencing  groundwater  depletion  problems  are  shown  in 
Figure  3-9. 

Groundwater  supplies  represent  vast  storage 
potential  with  an  estimated  yield  of  4550  million  cubic  meters 
per  day.  However,  with  indiscriminate  use,  these  resources 
could  be  depleted,  as  has  happened  in  certain  areas  of  the 
United  States.  Therefore,  in  any  feasibility  evaluation,  more 
attention  is  given  to  the  factors  that  endanger  the  resource 
rather  than  the  potential  of  the  resource  itself. 

Contamination  is  the  major  way  in  which  the  resource 
is  being  lost.  As  a  result  of  stream  pollution  and  waste 
disposal,  the  groundwater  environment  is  being  contaminated 
with  chemicals.  Current  data  indicate  that  in  the  United 
States  there  are  at  least  17  million  waste  disposal  facilities 
resulting  in  more  than  65  billion  cubic  meters  of  leachate 
into  groundwater  each  year.  Waste  disposal  from  agriculture 
is  the  most  dominant  factor.  Agricultural  activities  that 
cause  degradation  of  groundwater  quality  include  application 
of  fertilizers  and  pesticides  and  thu  storage  and  disposal 
of  livestock  or  fowl  waste  on  land. 

As  a  result,  vast  subsurface  reservoirs  of  ground- 
water  are  becoming  contaminated.  Problems  of  groundwater 
contamination  are  difficult  to  overcome.  Because  of  the 
heterogeneities  inherent  in  subsurface  systems,  zones  of 
degraded  groundwater  can  be  very  difficult  to  locate  and 
purify.  By  the  time  subsurface  pollution  is  identified, 
it  is  often  too  late  to  apply  remedial  measures. 


Sewage  disposal  on  land,  including  septic  tank  and 
cesspools  are  sources  of  groundwater  contamination.  Twenty- 
nine  percent  of  the  U.  S.  population  disposes  of  its  domestic 
waste  through  septic  systems.  Other  significant  contributors 
of  groundwater  contamination  include  petroleum  leakage  and 
spills,  disposal  of  radioactive  waste,  deepwell  disposal  of 
liquid  wastes,  seepage  from  industrial  waste  lagoons  and 
activities  of  mining  industry.  Regions  of  the  United  States 
are  already  experiencing  groundwater  contamination.  These 
regions  are  identified  in  Figure  3-10 

The  increasing  use  of  water  is  causing  an  accelerated 
rate  of  groundwater  mining.  During  1975,  withdrawals  resulted 
in  overdrafts  amounting  to  about  78  percent  in  the  Texas 
Region,  63  percent  in  Arkansas-White-Red  Region,  50  percent 
in  the  lower  Colorado  Region,  30  percent  in  the  Rio  Grande 
Region,  25  percent  in  the  Missouri  Region,  11  percent  in  the 
California  Region  and  8  percent  in  the  lower  Mississippi 
Region.  The  adverse  impact  of  groundwater  mining  is  the  non- 
renewability  of  the  region's  resource.  Further,  such  water 
is  the  basis  of  an  expanded  economy  that  faces  an  uncertain 
future  when  available  groundwater  is  depleted.  The  serious¬ 
ness  of  this  problem  is  evident  in  the  High  Plains  area 
extending  from  Texas  to  Nebraska  where  the  annual  overdraft 
is  about  14  million  acre  feet,  over  one-half  of  the  total 
U.  S.  overdraft  in  1975,  and  an  amount  that  equals  the  natural 
flow  of  the  Colorado  River. 


Apart  from  reducing  withdrawal  rates,  conservation 
practices  and  improved  use  efficiency  may  extend  groundwater 


resources.  For  example,  irrigated  agriculture  presently 
accounts  for  46  percent  of  the  total  national  withdrawals  of 
water  and  81  percent  of  the  consumptive  use.  Recent  reports 
indicate  that  through  conservation  and  management  practices, 
a  potential  savings  of  20-30  percent  (30-45  billion  gallons 
per  day)  could  be  realized.  Improvements  in  the  off-farm 
delivery  systems,  such  as  lined  and  covered  canals,  monitoring 
and  scheduling  of  releases,  and  automated  weirs  and  gates, 
could  further  reduce  groundwater  use  by  as  much  as  10  percent. 

Removal  of  la^ge  amounts  of  groundwater  can  cause 
land  subsidence.  In  such  situations,  the  elevation  of  the 
surface  may  drop  several  feet  over  a  relatively  large  area. 

Low  lying  coastal  areas  are  particularly  vulnerable  to  periodic 
flooding  in  areas  that  previously  were  above  tidal  effects. 
Subsidence  can  also  cause  structural  damage.  Fissures  caused 
by  dewatering  have  caused  both  structural  failures  and  pollu¬ 
tion  incidents:  buildings  have  been  damaged;  highways  and 
railroads  have  developed  alignment  problems;  and  fissures 
have  allowed  the  direct  entry  of  polluted  surface  water. 

When  groundwater  is  pumped  from  aquifers  that  are 
in  hydraulic  connection  with  the  sea,  the  gradients  that  are 
set  up  may  induce  a  flow  of  salt  water  towards  the  well  and 
thus  may  contaminate  fresh  water  supplies.  Such  changes 
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have  occurred  in  the  Biscayne  aquifer  of  Southeastern  Florida. 

In  1965,  irrigation  comprised  44  percent  of  all 
water  used  and  83  percent  of  the  water  consumed  in  the  United 
States.  A  consumption  percentage  of  70  has  been  projected 
for  the  year  2000.  However,  according  to  another  assessment 
consumptive  use  of  water  for  irrigation  will  expand  from 
86  BGD  to  93  BGD  in  the  year  2000.  Currently  water  available 
for  irrigation  in  the  humid  eastern  water  resource  region  is 
generally  adequate  for  acreage  irrigated  in  1975  and  is 
expected  to  remain  adequate  for  the  increased  area  of  land 
to  be  irrigated  in  2000.  Temporary  shortages  may  occur 
during  periods  of  drought.  Any  shortages  are  likely  to 
be  localized  and  would  probably  be  met  with  local  resources. 

In  addition,  management  practices  and  conservation ,  including 
wastewater  recycle  and  reuse,  could  reduce  this  demand. 
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CHAPTER  4  GOVERNMENT  WATER  MANAGEMENT 


FEDERAL  LEVEL 

Normal  Agency  Responsibilities 

There  are  25  different  federal  agencies  dealing  with 
the  management  of  water.  Combined  they  spend  more  than  $10 
billion  per  year.  The  functions  performed  by  each  federal 
agency  with  budget  responsibility  for  water  planning,  manage¬ 
ment  and  operations  are  described  below. 

•  Department  of  the  Interior  has  the  lead  responsi¬ 
bilities  in  water  resources  research  and  data  collection; 
desalination;  conservation  of  and  development  on  public  lands; 
studies  of  outdoor  recreation;  administration  of  certain  wild 
and  scenic  rivers,  sports  fisheries,  and  wildlife  and  their 
habitat,  and  endangered  species;  weather  modification;  and 
development  and  operation  of  irrigation  and  multipurpose  water 
resources  projects.  These  functions  are  primarily  carried  out 
through  the  Office  of  Water  Research  and  Technology  (OWRT)  of 
the  I) .  S.  Geological  Survey. 

•  The  Office  of  Water  Research  and  Technology  (OWRT) 
was  authorized  by  the  Water  Research  and  Development  Act  of 
1978  to  develop  new  or  improved  technology  and  methods  for 
resolvin  existing  and  projected  state,  regional  or  nationwide 
resource  problems  relating  to  supply.  OWRT  supports  a  network 
of  54  individual  water  resource  research  institutes,  located  at 
each  State  Land  Grant  University,  and  in  the  District  of  Columbia 


Guam,  the  Virgin  Islands  and  Puerto  Rico.  Through  this  network, 
OWRT  supports  training,  research,  technology  development  and 
information  dissemination  to  local,  state,  regional  and  national 
water  investigators  and  policy  makers. 

•  U.  S.  Geological  Survey  provides  technical  information 
on  !).  S.  resources  including  water.  It  has  networks  of  staging 
stations  on  major  waterways  and  acquires/disseminates  monitored 
data  on  both  surface  and  ground  water. 

•  The  Bureau  of  Reclamation  (BR)  was  initially  established 
in  1902  to  reclaim  the  arid  and  semiarid  land  of  the  17  contiguous 
western  states  through  massive  irrigation  projects.  Since  then, 
the  Bureau's  responsibility  has  grown  to  include  developing 
multipurpose  water  projects  to  meet  the  diverse  needs  of  expanding 
population  and  economy.  Among  its  diversified  responsibilities 

are  municipal  and  industrial  water  supply,  irrigation,  hydropower 
generation,  flood  control,  streamflow  regulation,  outdoor  recrea¬ 
tion,  fish  and  wildlife  enhancement  and  water  quality  improvements. 

•  Environmental  Protection  Agency,  in  cooperation  with 
state  and  local  governments  and  industry,  is  concerned  with  the 
abatement  of  water  pollution  and  enhancement  of  the  water  quality 
of  rivers  and  bodies  of  water,  and  makes  financial  grants  to 
state  and  local  governments  for  the  administration  of  related 
water  quality  programs  to  initiate  and  coordinate  planning, 
including  the  construction  of  publicly-owned  wastewater  treatment 
plants.  It  establishes  and  enforces  standards  for  the  discharge 
of  effluents  to  receiving  waters. 

t  Department  of  Agriculture  is  involved  in  the  management 
of  national  forests  for  their  multiple  uses,  products,  and 


services;  watershed  treatment  and  management;  small  watershed 
projects  for  flood  control,  water  supply,  irrigation,  drainage, 
recreation,  fish  and  wildlife,  erosion  and  sediment  control,  and 
water  quality  management;  river  basin  surveys  and  investigations; 
economic  analyses  and  projections  or  rural  activities;  credit, 
cost  sharing,  and  technical  assistance  to  farmers  for  installation 
of  soil  and  water  conservation  practices  and  to  rural  communities 
for  water  supply  and  sewerage  facilities;  and  supporting  research. 

•  Department  of  the  Army  develops  plans  for  beach  protec¬ 
tion,  flood  control,  navigation,  and  mu  1 1 i p 1 e - purpose  projects; 
constructs,  operates,  and  maintains  project  facilities;  regulates 
the  use  of  navigable  waters  of  the  United  States  with  respect  to 
dredging  and  obstructions  to  navigation;  and  provides  state  and 
local  interests  with  floodplain  information. 

•  Department  of  Commerce  conducts  hydrometeorol ogical 
studies;  provides  river  and  flood  forecast  and  warning  services; 
administers  a  coastal  zone  grant  program;  is  responsible  for 
studies  of  living  marine  resources  that  include  those  within 
estuaries  and  coastal  areas;  performs  business  and  industrial 
water  requirement  analyses;  projects  economic  activity;  takes 
census  of  a  broad  range  of  water  uses;  and  conducts  supporting 
research. 

•  Department  of  Energy  makes  studies  of  the  power  phases 
of  rivt.  basin  development;  licenses  and  regulates  non-federal 
hydroelectric  power  plants;  markets  hydroelectric  power  generated 
,*  f*»<i#»ral  plants;  and,  in  cooperation  with  the  Water  Resources 

r 'osses  the  impacts  and  requirements  of  water  for 

,r  B  ipyplopment. 
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•  Department  of  Housing  and  Urban  Development  is  concerned 
primarily  with  the  municipal  and  urban  aspects  of  water  and  related 
land  resources,  including  flood  insurance  and  urban  hydrology. 

It  makes  financial  grants  to  states  and  to  metropolitan  and  urban 
communities  for  comprehensive  planning  and  community  development 
that  may  include  support  for  water  and  sewer  facilities,  open 
space,  recreational  areas,  and  historic  and  esthetic  preservation. 

•  Department  of  Transportation  is  involved  with  the  navi¬ 
gation,  marine  safety,  pollution  by  vessels,  and  highway  and 
bridge  aspects  of  water  resources  development. 

•  Council  on  Environmental  Quality  formulates  and  recommends 
national  policies  to  promote  the  improvement  of  the  quality  of  the 
environment.  The  Council  performs  a  continuing  analysis  of  changes 
or  trends  in  the  national  environment  and  assists  the  President 

in  the  preparation  of  the  annual  Environmental  Quality  Report  to 
the  Congress. 

0  Tennessee  Valley  Authority,  a  corporation  of  the  Federal 
Government,  was  established  by  Congress  in  1933  as  a  regional 
resource  development  agency.  TVA  assignments  in  the  Tennessee 
drainage  basin  and  adjoining  territory  are  to  control  flood 
waters  of  the  Tennessee  River,  improve  navigation  on  the  Tennessee 
River,  generate  and  sell  electricity,  encourage  agricultural  and 
industrial  development,  promote  reforestation,  and  advance  the 
economic  and  social  well-being  of  the  people. 

0  Water  Resources  Council  (WRC)  was  established  by  the 
Water  Resources  Planning  Act  of  1965  (P.L.  89-80,  79  Stat.  244, 
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as  amended)  to  implement  a  policy  of  water  conservation  including 
the  development  and  utilization  of  water  and  related  land  resources 
of  the  United  States.  The  Council's  members  are  drawn  from  the 
President's  Cabinet  and  key  federal  agencies.  Members  of  the 
Council  are  the  Secretaries  of  the  Departments  of  Agriculture, 

Army,  Commerce,  Energy,  Housing  and  Urban  Development,  Interior, 
and  Transportation,  and  the  Administrator  of  the  Environmental 
Protection  Agency.  Observers  are  the  Director  of  the  Office  of 
Management  and  Budget,  the  Attorney  General,  the  Chairman  of  the 
Council  on  Environmental  Quality,  the  Chairman  of  the  Tennessee 
Valley  Authority,  the  Chairmen  and  Vice  Chairmen  of  the  River 
Basin  Commissions,  Commissioners  of  Interstate  Compact  Commissions, 
and  Chairmen  of  Interagency  Committees. 

The  Council  continuously  monitors  the  nation's  water 
supply  and  needs,  periodically  reporting  its  findings  in  a 
national  assessment  of  water  resources.  It  maintains  a  continuous 
program  for  preparation  of  regional  and  river  basin  plans  to 
ensure  that  interstate  water  issues  are  properly  considered.  In 
addition,  the  Council  administers  planning  procedures  that  assure 
the  public  that  water  projects  are  economically  and  environmentally 
sound.  Working  with  river  basin  commissions,  interagency  com¬ 
mittees  and  the  states,  the  Council  helps  to  finance  and  to  foster 
s tate- federal  cooperation  and  coordination  in  all  aspects  of 
water  resource  management. 

The  Council  determines  the  principles,  standards  and 
procedures  which  govern  the  federal  water  programs,  while  appraising 


the  adequacy  of  existing  and  proposed  programs  and  recommending 
necessary  improvements  in  them.  These  standards  apply  to  the 
planning  and  evaluation  of  the  effects  of  programs  and  activities 
carried  out  with  federal  financial  or  technical  assistance 
including  programs  of  other  federal  agencies,  such  as 

•  Corps  of  Engineers 

•  Bureau  of  Reclamation 

•  Federally  constructed  watershed  and  water 
and  land  programs 

•  National  parks  and  recreation  areas 

•  Wild,  scenic,  recreation  rivers  and 
wilderness  areas 

•  Wetland  and  estuary  projects  and  coastal  zones 

•  Federal  waterfowl  refuges 

•  Tennessee  Valley  Authority 

•  Federal  assistance  to  state  and  local  govern¬ 
ment  sponsored  watershed  and  water  and  land 
resource  programs  (Watershed  Protection  and 
Flood  Prevention  Projects  and  Resource  Con¬ 
servation  and  Development  Projects). 

•  Office  of  Management  Budget  assists  in  developing 
efficient  implementation  and  coordination  mechanisms  for  govern¬ 
ment  programs  and  policies;  assists  the  President  by  clearing 
departmental  advice  on  proposed  legislative  enactments;  and 
promotes  evaluations  to  assist  the  President  by  ensuring  effective 
program  performance  and  efficiency. 

•  The  Attorney  General ,  as  head  of  the  Department  of 
Justice  and  Chief  Law  Officer  of  the  Federal  Government,  repre¬ 
sents  the  United  States  in  legal  matters,  generally  including 
those  concerning  water  and  related  lands,  and  gives  advice  and 
opinions  to  the  President  and  to  the  heads  of  the  Executive 
Departments  as  requested. 
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FEMA  was  created  by  Reorganization  Plan  No.  3  of  1978 
(effective  April  1,  1979,  pursuant  to  Executive  Order  12127  of 


March  3,  1979).  The  plan  collated  under  FEMA  broad  emergency 
responsibilities  including: 

•  Department  of  Commerce's  Fire  Administration 
and  National  Academy  for  Fire  Prevention  and 
Control  ; 

•  Federal  food,  riot  and  crime  insurance  programs; 

•  Department  of  Housing  and  Urban  Development's 
Federal  Insurance  Admi ni strati  on; 

•  Functions  of  the  Civil  Defense  Preparedness 
Agency  in  the  Department  of  Defense;  and 

•  Federal  Disaster  Assistance  Administration  at 
the  Department  of  Housing  and  Urban  Development. 

In  water-related  emergencies,  FEMA  acts  only  in  instances 

of  declared  emergency  situations,  such  as  nuclear  fallout,  flood 

disaster,  etc.  FEMA  may  respond  independently  or  more  typically 

with  the  other  federal  agencies  identified  above  to  assist  states. 

STATE  LEVEL 

The  role  of  the  states  in  water  management  has  generally 

i 

been  subservient  to  and  dependent  upon  federal  policy.  States 
are,  however,  becoming  the  focal  point  for  water  resource  manage¬ 
ment. 

The  Water  Resources  Council  (WRC)  is  assisting  states 
in  water  and  related  land  resources  planning  and  management.  In 
order  to  foster  joint  state-federal  cooperation  and  coordination 
in  water  resources  planning  and  management  programs,  WRC  establishes 
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and  assists  river  basin  commissions,  interagency  committees  and 
various  coordinating  groups.  A  brief  description  of  their  roles 
is  descri  bed  below. 

•  River  Basin  Commissions.  To  meet  the  need  for  broad 
participation  in  planning,  the  Water  Resources  Planning  Act 
provides  for  the  establishment  of  federal-state  river  basin 
commissions  on  request  of  the  state  and  the  recommendation  of 
the  Water  Resources  Council.  The  affected  States  and  federal 
agencies  have  representatives  on  these  commissions.  The  Chairman 
is  appointed  by  the  President  and  the  Vice  Chairman  is  elected 

by  the  states.  Commissions  have  been  established  for  the  Pacific 
Northwest,  the  Great  Lakes,  the  Ohio  River,  the  Missouri  River, 
the  Upper  Mississippi  River,  and  the  New  England  River  basins. 
Commissi  on  functions  are: 

e  To  serve  as  the  principal  coordinating  agency 
for  water  and  related  land  management  plans 

•  To  prepare  and  keep  current  a  comprehensive 
coordinated  joint  federal -state  plan  for 
water  and  related  land  resources  development 
within  the  basin 

e  To  recommend  priorities  for  data  collection 
and  for  investigations,  planning,  and  con¬ 
struction  of  projects 

a  To  foster  and  undertake  such  studies  as  are 
necessary  in  preparing  and  maintaining  the 
comprehensive  plan 

•  To  submit  to  the  Water  Resources  Council  a 
comprehensive  plan  and  recommendations  for 
implementing  the  plan. 

•  Interstate  Compact  Commissions.  The  Federal -I nters tate 


Compact  Commission  for  the  Delaware  River  Basin  was  established 


by  the  legislatures  of  four  states  and  the  Congress  in  1961. 

It  is  the  first  compact  in  which  the  United  States  is  a  signatory 
party.  The  Delaware  River  Basin  Commission,  created  by  compact, 
is  composed  of  representatives  of  the  four  basin  states  and  the 
Federal  Government.  It  is  vested  with  broad  powers  to  manage 
and  control  the  water  and  related  land  resources  of  the  entire 
Delaware  Basin.  Significant  activities  have  been:  the  handling 
of  interstate  conflicts  about  short  water  supplies  during  a  pro¬ 
longed  drought;  leadership  in  developing  water  quality  standards; 
and  careful  review  and  approval  of  hundreds  of  individual  water 
facilities  including  wells,  industrial  installations  and  muni¬ 
cipal  water  supply  and  sewerage  systems  to  ensure  coordinated 
development.  Although  the  Commission  is  empowered  to  construct 
and  operate  water  projects,  it  has  not  as  yet  done  so.  A  similar 
federa 1  - i nt ers ta te  compact  has  been  established  for  the  Susquehanna 
River  Basin.  Federa 1  - i n ter state  compacts  have  been  proposed  for 
other  river  basins. 

•  Interagency  Committees.  Before  1965  and  the  establish¬ 
ment  of  the  U.S.  Water  Resources  Council,  interagency  committees 
were  created  by  an  ad_  hoc  council.  After  1  965  ,  some  of  the 
committees  were  replaced  by  river  basin  commissions.  Three 
interagency  comm i t tees --Pac i fi c  Southwest,  Arkansas-White-Red 
Rivers,  and  Southeastern  River  basins --remain  and  continue  to 
operate  under  the  aegis  of  the  Water  Resources  Council.  These 
committees  do  not  have  legal  status  (presidentially-appointed 
full-time  Chairman  and  central  staff)  but  have  about  the  same 
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representat ion  (federal  and  state)  as  the  river  basin  commissions. 
Their  functions,  however,  are  usually  limited  to  serving  as  a 
coordination  entity  and  discussion  forum. 

In  the  President's  June  1978  message,  several  initiatives 
are  provided  in  the  revised  water  policy  message  to  strengthen 
federal -s tate  relations  and  to  develop  a  new,  creative  partnership. 
Technical  advice,  long-range  studies  of  state's  water  needs, 
planning  of  reservoirs  and  flood  control  programs,  ground  water 
studies,  assistance  with  soil  survey  and  flood  plain  services  are 
among  the  activities  that  are  now  strengthened.  Specific  acti¬ 
vities  include: 

•  A  substantial  increase  from  $3  million  to  $25 
million  annually  in  the  funding  of  state  water 
planning  under  the  existing  50i-50X  matching 
program  administered  by  the  Water  Resources 
Council  (WRC ) .  State  water  planning  would 
integrate  water  management  and  implementation 
programs  which  emphasize  water  conservation 
and  which  are  tailored  to  each  state's  needs 
including  assessment  of  water  delivery  system 
rehabilitation  needs  and  development  of  pro¬ 
grams  to  protect  and  manage  ground  water  and 

i n s tream  f 1 ows . 

•  Preparation  of  legislation  to  provide  $25 
million  annually  in  5 0% - 5 0%  matching  grant 
assistance  to  states  to  implement  water  con¬ 
servation  technical  assistance  programs.  These 
funds  could  be  passed  through  to  counties  and 
cities  for  use  in  urban  or  rural  water  con¬ 
servation  programs.  This  program  will  be 
administered  by  the  Water  Resources  Council 

in  conjunction  with  matching  grants  for  water 
resources  planning. 

•  Working  with  governors  to  create  a  Task  Force 
of  federal,  state,  county,  city  and  other 
local  officials  to  continue  to  address  water- 
related  problems.  New  administrative  actions 
and  legislative  proposals  are  designed  to 
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Initiate  sound  water  management  policy  at  the 
national  level.  However,  the  Federal  Govern¬ 
ment  must  work  closely  with  the  states,  and 
with  local  governments  as  well,  to  continue 
identifying  and  examining  water-related  problems. 
This  Task  Force  will  be  a  continuing  guide  to 
implementation  of  the  water  policy  reforms  and 
will  ensure  that  the  state  and  local  role  in  our 
nation's  water  policy  is  constant  and  meaninful. 

An  instruction  to  federal  agencies  to  work 
promptly  and  expeditiously  to  inventory  and 
quantify  federal  reserved  and  Indian  water 
rights.  In  several  areas  of  the  country,  states 
have  been  unable  to  allocate  water  because  these 
rights  have  not  been  determined.  This  quantifi¬ 
cation  effort  should  focus  first  on  high  priority 
areas,  should  involve  close  consultation  with 
the  slates  and  water  users  and  should  emphasize 
negotiations  rather  than  litigation  wherever 
possit.e. 
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LOCAL  LEVEL 


Most  supply  and  demand  water  problems  will  occur  and 
must  be  solved  at  the  local  level.  Pollution  control  legislation 
and  programs  at  the  federal  level  all  indicate  a  focus  to  local 
problem  solution,  by  local  governments,  during  the  mid  to  late 
1980's.  The  revised  federal  water  policy  strengthens  the  role 
of  the  local  agencies  in  planning  for  and  implementing  water 
projects,  and  a  nationwide  emphasis  on  conservation  as  a  primary 
remedial  action. 

POLICY  CHANGES 

In  June  1978,  President  Carter  revised  current  water 
policy  extant  since  1976.  This  new  water  policy  is  designed  to 
achieve  four  basic  objectives: 

•  improved  planning  and  efficient  management 
of  federal  water  programs  which  will  permit 
the  completion  of  necessary  water  projects 
that  are  cost  effective,  safe  and  environ¬ 
mental  ly  sound  ; 

•  a  new  national  emphasis  on  water  conservation; 

•  enhanced  federal-state  cooperation  ■* n  water 
policy  and  planning;  and 

•  increased  attention  to  environmental  quality. 

The  policy  is  aimed  at  removing  and/or  mitigating  inefficiencies 
and  environmental  problems  in  various  water  programs,  and  was 
the  result  of  a  year-long  review  initiated  in  1977.  The  review 
was  carried  out  by  the  Department  of  the  Interior,  the  Council 
on  Environmental  Quality,  and  the  Office  of  Management  and  Budget 
under  the  chairmanship  of  Secretary  of  the  Interior.  The  review 
identified  the  following  major  problems: 


•  Despite  serious  water  supply  problems  in 
saveral  parts  of  the  country,  there  is  no 
national  emphasis  on  water  conservation. 

•  There  are  wide  variations  in  the  techniques 
used  to  estimate  benefits  and  costs  in  planning 
federal  water  projects. 

•  Some  of  these  water  projects  are  unsafe, 
economically  unjustified,  or  environmentally 
destructive  and  do  not  reflect  adequate  com¬ 
pliance  with  existing  laws  and  regulations. 

The  Water  Policy  Message  of  1978  was  directed  to  all 
executive  departments  and  agencies.  The  water  storage  and  transfer 
development  projects  of  the  Army  Corps  of  Engineers,  the  Bureau 
of  Reclamation,  the  Soil  Conservation  Service  and  the  Tennessee 
Valley  Authority  are  most  affected,  since  traditionally  they 
are  directly  involved  in  planning  for  and  constructing  reservoirs 
and  conveyance  systems.  The  activities  of  these  four  agencies 
account  for  nearly  $4  billion  in  federal  funds  each  year. 

Most  of  the  remainder  of  federal  funds  for  water  programs  is 
spent  for  grants  and  loans  ( i . e .  ,  the  $5  billion  municipal  waste- 
water  treatment  program  of  ERA)  to  state  and  local  governments. 

Federal  policies  for  water  management  reflect 
energy  and  environmental  objectives  as  expressed  in  legis¬ 
lative  or  administrative  action.  Federal  policies  further 
represent  the  past  resolution  of  conflicting  uses  and  competing 
claims. 

To  investigate  the  effects  of  changes  in  water 
policy,  budget  or  expenditures  for  water  resource  pro jects  .were 
examined.  A  graph  of  historic  outlay  data  from  1930  to  1954 


by  decades,  shown  in  Figure  4->.  indicates  that  federal  spending 
for  water  resource  developments  increased  seven  times  to  a 
cumulative  total  of  more  than  $14  billion.  More  recent  data 
are  presented  in  Table  4-1  and  shown  graphically  in  Figure  4-2. 
These  data  show  that  expenditures  are  projected  to  increase  at 
a  rate  of  21%  per  year.  Allowing  for  inflation,  this  would 
indicate  a  real  growth  in  expenditures  of  from  10  to  15  percent 
per  year.  The  growth  in  expenditures  appears  to  be  independent 
of  national  policy  changes.  The  primary  effect  of  policy  change 
is  thus  to  reorient  the  direction  and  focus  of  water  resource 
projects  and  not  to  curtail  expenditures. 

It  is  interesting  to  compare  the  rate  of  projected 
expenditures  to  the  rate  of  expected  water  scarcity  problems. 

The  data  of  the  WRC  show  an  increase  of  from  21  affected  basins 
in  1975  to  39  affected  regions  in  2000.  These  data  are  graphically 
presented  in  Figure  4-3,  along  with  the  forecast  of  budget  expend¬ 
itures  from  Figure  4-2  The  slopes  are  very  similar,  especially 
when  the  effects  of  inflation  are  factored  into  expenditures, 
and  real  growth  in  outlays  is  considered. 

It  appears  as  though  national  policy,  federal  funding, 
and  anticipated  water  supply  problems  are  fairly  consistent. 

Key  elements  of  this  consistency  are  as  follows: 
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TABLE  4-1  Annual  Federal  Expenditures  For 
Water  Resources 


Year 

Outlays  ( 

1971 

1  .8 

1  972 

1  .  8 

1  973 

2.2 

1  974 

2.0 

1975 

2.2 

1  976 

3.0 

1977 

3.2 

1978 

3.5 

1979 

4.1 

1980 

4.5 
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Base  Data  and  Forecasts  of  Budget  Expenditures 


•  Water  resources  will  be  developed  in  such  a 
way  and  at  such  times  as  will  assure  their 
optimum  use.  This  necessarily  will  involve 
the  concept  that  each  project  must  be  eco¬ 
nomically  sound. 

•  Public  participation  will  greatly  increase 
in  water  resource  development. 

•  Local  and  regional  drainage  areas  would  be 
among  the  primary  considerations  to  the 
development  of  water  resources. 

•  Water  resource  conservation,  education  and 
research  as  a  means  to  accomplish  certain 
economic  ends  would  receive  greater  attention 
and  increased  funding. 

•  Primary  responsibility,  such  as  the  basic 
decision  for  water  resource  development, 
may  be  transferred  to  local,  state  and 
regional  levels,  while  federal  responsi¬ 
bility  is  likely  to  involve  areas  of  special 
respons i bi 1 i ty  and  competence. 

•  Steps  to  facilitate  resolution  of  contro¬ 
versies  surrounding  federal  reserved  water 
rights  and  Indian  water  rights. 
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Comparison  of  Forecast  Expenditures 
with  Projected  Water  Scarcity  Problems 
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CHAPTER  5  TECHNOLOGICAL  ADVANCES 


Technological  advances  are  those  developments  that  may 
occur  over  the  next  twenty  years  that  could  increase  the  supply 
of  fresh  water  or  affect  the  demand  for  fresh  water.  Technology 
has  been  researched  according  to  three  general  subject  areas: 
modification  of  supply;  water  use  and  reuse;  and  power  generation. 

The  primary  findings  from  investigations  into  each  of 
these  subject  areas  are: 

•  Implementation  of  technology  to  increase  supply, 
except  for  desalination,  is  improbable. 

•  Modification  of  demand  patterns,  primarily 
through  conservation  and  management  practices, 
is  highly  probable. 

Descriptions  and  findings  for  the  individual  investigations  per¬ 
formed  are  presented  in  the  following  pages. 

MODIFICATION  OF  SUPPLY 


Topics  of  study  included  weather  modification;  desali¬ 
nation;  water  storage  and  transfer;  and  transportation  of  icebergs. 
General  findings  are  as  follows: 

•  Major  advancements  for  increasing  rain  fa  11  and 
other  precipitation  by  weather  modification  are 
not  expected  over  the  next  20  years.  Localized 
experiments  will  continue. 

•  Decisions  to  establish  ocean-based  desalination 
plants  will  be  made  by  local  governments  and 

the  number  of  such  plants  is  expected  to  approx¬ 
imately  double  over  the  next  20  years. 

•  Large  scale  water  storage  and  transfer  projects 
will  be  discouraged  at  the  federal,  state  and 
local  levels  and  conservation  measures  will  be 
adopted . 
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•  No  major  advancements  In  transporting  icebergs 
are  anticipated.  The  feasibility  of  trans¬ 
porting  icebergs  to  North  America  has  not  been 
proven . 

Weather  Modification 

The  possibility  of  weather  modification  has  been  of 
interest  to  man  for  centuries.  Serious  work  initiated  by  the 
General  Electric  Laboratory  using  dry  ice  to  sublimate  moisture 
in  cold  air  led  to  governmental  interest  and  funding  for  research 
on  cloud  particles  and  cloud  modification.  A  tri-service  group 
was  formed  to  conduct  field  programs.  This  first  organized 
effort  to  modify  the  atmosphere  in  1947  was  termed  "Project 
Cirrus".  Since  then,  a  number  of  federal  agencies,  universities, 
and  commercial  groups  have  been  engaged  in  laboratory  research 
and  field  experimentation. 

Studies  on  the  effects  of  cloud  seeding  were  carried 
on  for  seven  s ummers  during  the  period  1957-1963  at  Ticino,  Italy 
and  during  the  years  1957-1964  in  the  Santa  Catalina  Mountains 
of  Arizona,  These  experiments  yielded  some  similar  results  but 
under  dissimilar  circumstances,  i.e.,  increased  rainfall  at  lonj]  ^ 
distances  from  the  sites.  This  phenomena  is  still  under  study. 
Studies  and  field  experiments  continue  despite  the  facts  that: 
there  is  lack  of  agreement  on  measuring  success  of  experiments; 
and  that  the  cost  of  experimentation  which  must  be  performed 
within  the  atmosphere  itself  is  very  high. 

Laboratory  experiments  have  been  successful  in  small- 
scale  inducement  of  precipitation.  In  the  atmosphere,  unlike 
the  laboratory,  however,  parameters  cannot  be  controlled  and 
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may  change  Independently  and/or  interdependently.  It  is  cur¬ 
rently  impossible  to  represent  a  total  atmosphere  in  the  labora¬ 
tory;  to  establish  representative  values  statistically  from  measure¬ 
ment  of  the  real  atmosphere;  and  to  compare  changes  in  those  values 
when  artificial  forces  are  introduced.  Additionally,  a  mass  of 
atmosphere  is  in  motion  not  only  within  itself  but  also  within 
the  total  atmosphere. 

For  modification  of  an  airmass  to  be  effective  at  a 
given  location  and  time,  cloud  history  must  be  known.  Even  then, 
it  is  difficult  to  prove,  or  disprove,  that  resulting  rainfall 
was  artificially  stimulated  or  augmented  rather  than  natural. 

Due  to  the  independent  and  interdependent  nature  of  all  para¬ 
meters  and  despite  the  utilization  of  sophisticated  monitoring 
devices  and  predictive  computer  programs,  answers  are  incomplete 
regarding:  when  to  attempt  alteration;  how  the  alteration  will 
function;  and  what  results  will  be  achieved. 

Knowledge  gained  to  date  may  be  summarized  as  follows: 

e  Modification  of  the  precipitation  associated  with 
lifting  of  a  cool,  moist  airmass  as  it  flows  up 
the  side  of  mountains  (orographic  lifting)  can 
be  accomplished  at  present  when  the  clouds  are 
at  or  below  -10°C 

•  Modification  of  warm  orographic  clouds  may  be 
developed  (the  limitation  on  warm  orographic 
cloud  modification  arises  primarily  on  con¬ 
nection  with  universal  topographic  structures 
where  realistic  air  flow  models  will  likely 
prove  difficult  to  develop) 

•  Some  recent  field  experiments  provide  strong 
Indications  that  precipitation  from  cold  con¬ 
vective  clouds  can  be  altered  under  at  least 
some  narrow  classes  of  cloud  and  environmental 
conditions 
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•  Programs  for  altering  cloud  systems  are  in 
an  early  stage  of  exploration  and  general 
application  will  probably  not  be  achieved 
in  the  near  future 

•  The  results  of  field  and  laboratory  programs 
have  demonstrated  the  possibility  of  releasing 
precipitation  from  cold  stratus  clouds  at  any 
time  or  place  it  would  have  practical  value 
(note  that  there  are  unresolved  questions 
regarding  the  degree  or  significance  of  the 
alterations  which  can  be  achieved) 

•  The  physical  mechanisms  which  produce  and 
maintain  warm  stratus  clouds  provide  poor 
prospects  for  significant  prec i pi ta ti on  from 
these  clouds 

•  A  sound  basis  exists  for  altering  precipitation 
from  some  warm  convective  clouds 

Desalination 

The  conversion  of  sea  water  to  fresh  water  is  not  a 
new  concept.  Since  shortly  after  the  advent  of  steam  as  a  power 
source  for  seagoing  vessels,  ships  have  been  making  the  fresh 
water  required  for  boiler  feed  and  for  crew  and  passenger  use. 

In  Chile,  a  sea  water  conversion  facility  occupying  some  4,000 
square  yards  was  put  into  operation  in  1872  and  sea  water  con¬ 
version  for  human  use  has  been  effected  for  many  years  in  Israel, 
Libya,  South  Africa,  the  Persian  Gulf  area,  and  the  Lesser  and 
Greater  Antilles. 

During  World  War  II,  numerous  types  of  portable  and 
small-scale  desalination  equipment  accompanied  the  armed  forces 
occupying  islands  in  the  southwestern  Pacific.  Miniature  de¬ 
salination  kits  for  use  in  life  rafts  were  also  developed  during 
this  period.  Beginning  in  1950,  growing  concern  regarding  the 
decrease  of  fresh  water  supply  (increasing  population  and 
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increasing  industrial  use)  became  a  matter  of  importance  to  a 

4 

large  portion  of  the  world.  Augmentation  of  fresh  water  supplies 
remains  a  matter  of  concern  today  and  promises  to  become  more 
critical  in  the  future. 

The  history  of  conversion  of  sea  water  to  fresh  water 
clearly  indicates  the  feasibility  of  the  concept.  Direct  dis¬ 
tillation  was  the  first  process  to  be  adopted.  Distillation 
remains  the  principal  mechanism  today  and  a  number  of  refinements 
of  the  technique  have  been  evolved.  Distillation  systems  presently 
in  use  include: 

•  Single-stage  Flash 

•  Multi-stage  Flash 

•  Thin-film  Vertical  Tube 

•  Vertical  Tube  Evaporator--Mul ti-stage  Flash 

0  Vertical  Tube--Vapor  Compression 

0  Thin-film  Horizontal  Tube 

0  Submerged  Tube 

0  Vapor  Compression 

Concurrent  with  the  evolution  of  distillation  systems, 
techniques  for  separation  of  salts  from  water  by  membranes  have 
been  developed.  The  principal  membrane  processes  include: 

0  Electrodialysis 

0  Electrodi alysi s--Reversing 

0  Reverse  Osmosis 

The  following  provides  a  summary  of  the  status  of  salt- 
5 

water  conversion: 
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"According  to  information  gathered,  there 
are  about  1500  land-based  desalting  plants  of 
25,000  gallons  per  day  or  larger  capacity  in 
operation  or  under  construction  throughout  the 
world  as  of  the  beginning  of  1977.  These  plants 
are  capable  of  producing  close  to  one  billion 
gallons  of  fresh  water  daily  for  municipal  and 
industrial  uses.  Distillation  processes  account 
for  77  percent  of  total  plant  capacity  and  53 
percent  of  the  total  number  of  plants.  The 
balance  is  almost  entirely  in  membrane  processes 
with  freezing  accounting  for  less  than  one  tenth 
of  one  percent. 

A  third  of  the  plants  are  located  in  the 
United  States,  but  their  combined  capacity 
totals  only  about  10  percent  of  total  world¬ 
wide  plant  capacity.  Fewer  plants  are  located 
in  the  Middle  East  and  North  Africa,  but  their 
combined  capacity  amounts  to  about  55%  of  the 
total.  Next  comes  Europe,  then  Asia  sharing 
together  a  fourth  of  the  total  worldwide  plant 
capacity.  Five  percent  of  plant  capacity  is 
located  in  the  Caribbean  region  and  the  remain¬ 
ing  5%  is  scattered  in  the  rest  of  the  world. 


During  the  two  year  period  1975-1976, 
worldwide  sales  of  476  new  desalting  plants  of 
25,000  gallons  per  day  or  larger  were  reported 
with  a  combined  capacity  of  434  million  gallons 
per  day.  This  compares  to  322  plants  with  a 
combined  capacity  of  122  million  gallons  per 
day  reported  as  sold  during  the  two-year  period 
1973-1974.  Membrane  plants  account  for  about 
seventy  percent  of  the  plants  sold  during  1975- 
1976,  but  their  combined  capacity  is  only  one- 
third  of  the  total  capacity  sold  during  the 
period.  Distillation  plants  account  for  the 
balance  of  1975-1976  sales." 


Worldwide  development  of  desalination  facilities  are 
graphically  shown  in  Figure  5-1.  Operation  of  desalination 
facilities  began  in  the  United  States  in  1952.  Today  there  are 
no  off  shore  plants,  but  481  land-based  facilities  are  in 
operation.  A  summary  of  U.S.  utilization  of  desalination  faci¬ 
lities  is  presented  in  Table  5-1. 
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Capacity  in  Millions  of  Gallons  Per  Day 


FIGURE  5-1 

World-Wide  Sales  of  Land-Based  Desalting 
Plants  with  Capabilities  of  One  Million 
Gallons  Per  flay  or  More 


Memb’ ane 


TABLE  5-1  Summary  of  U.S.  Utilization 
of  Desalination  Facilities 
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A  principal  deterrent  to  wide-scale  adoption  of  desal¬ 
ination  for  water  supply  is  cost.  Indications  are  that  large 
(greater  than  2  million  gallons  per  day--MGD)  Multi -flash  Distil¬ 
lation  (MFD)  systems  are  the  most  economically  favorable;  however, 

6 

the  price  ($1.43/1000  gal.)  is  still  considered  high.  A  goal 
of  the  U.  S.  Government  is  a  maximum  cost  of  $1.00/1000  gal.,  but 
today's  costs  range  from  $1.43  to  $2.69  per  thousand  gallons. 

Rising  energy  costs  will  contribute  to  desalination  cost  competi¬ 
tiveness.  The  feasibility  of  using  solar  energy  as  a  power  source, 
and  solar  energy  in  combination  with  various  conventional  power 
sources,  is  presently  in  the  research  stage. 

Plants  now  operating  in  the  U.  S.  are  producing  fresh 
water  in  the  upper  portion  of  the  product  price  scale.  The  largest 
facility  in  this  country  is  5  MGD  capacity.  Three  percent  of  all 
facilities  have  capacities  of  1  MGD  or  more;  four  percent  have 
capacities  of  0.5  MGD  or  more;  thirty-two  percent  have  capacities 
of  more  than  0.1  MGD  but  less  than  0.5  MGD.  The  remaining  61 
percent  have  capacities  of  less  than  0.1  MGP. 

Mater  Storage  and  Transfer 

Water  transfer  projects  predominate  on  the  West  Coast 
of  the  United  States.  The  earliest  project  in  California  was 
the  Los  Angeles  Aqueduct,  completed  in  1913.  Investigations 
and  proposals  to  transfer  water  from  the  Sacramento  Valley  to 
the  San  Joaquin  Valley  began  in  the  early  1  8 7 0 ' s .  The  Los  Angeles 
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Aqueduct  carried  water  from  the  eastern  slopes  of  the  Sierra 
Nevada  Mountain  to  the  city.  The  project  cost  $24.5  million, 
including  the  purchase  of  land  and  water  rights  and  the  aqueduct 
construction.  The  original  delivery  capacity  of  the  aqueduct 
was  150,000  acre-feet.  In  1970,  this  capacity  was  expanded  to 
320,000  acre-feet,  and  again  in  1968  it  was  further  expanded  to 
deliver  472,000  acre- feet  per  year. 

In  1924,  the  Metropolitan  Water  District  was  formed 
by  several  counties  in  California,  including  Los  Angeles.  This 
District  built  a  242-mile  aqueduct  from  the  Colorado  River  to 
the  metropolitan  area,  comprising  92  miles  of  tunnels,  63  miles 
of  concrete  lined  canals  and  54  miles  of  concrete  conduits. 

Today  the  capacity  of  this  system  exceeds  1  billion  gallons  per 
day. 

The  City  of  San  Francisco,  California,  is  served  by 
reservoir  storage  tunnels  and  pipelines.  Water  impounded  by 
the  O' Sbaughnessy  Dam  located  150  miles  away  is  carried  to  the 
city.  The  dam  was  completed  in  1923,  with  water  delivery 
beginning  in  1934. 

Water  storage  and  transfer  projects  on  the  east  coast 
are  in  New  York.  The  present  water  system  for  the  city  consists 
of  three  major  upland  reservoir  systems  into  the  Hudson  Basin: 
the  Cranton  River  System,  established  before  1900,  delivering 
346,000  acre-feet;  the  Catskill  System,  established  in  1924, 
delivering  622,000  acre-feet;  and  the  Delaware  System  completed 
in  early  1970's,  delivering  1.03  million  acre- feet. 
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Short-range  water  transfers  include  the  use  of  trucks 
or  vessels  to  "carry"  water.  In  1970,  500  year-round  haulers 
supplied  72  million  gallons  of  water  to  6000  rural  residents  in 
Illinois.  The  average  distance  of  each  haul  was  10  miles. 

Between  1955  and  1970,  truck  hauling  of  water  has  increased  by 
approximately  a  factor  of  10.  This  form  of  transfer  is  expensive 
and  has  been  restricted  to  short  distances  only.  No  other  form 
of  vehicle  or  vessel  transfer  of  water  was  identified  in  the 
literature. 

Technically,  water  storage  and  transfer  systems  are 
feasible.  The  creation  of  impoundments  and  reservoirs  via  the 
construction  of  dams  is  straightforward.  The  construction  of 
aqueducts,  tunnels  and  pipelines  is  standard  practice. 

However,  economic  feasibility  is  a  continuing  problem. 
For  example,  a  study  of  interbasin  water  transfer,  performed  in 
1971,  concluded:® 

"The  preponderance  of  evidence  indicates  that, 
except  for  certain  sets  of  circumstances  in 
so-called  'rescue  operations,1  the  national 
economic  benefits  from  the  use  of  the  water 
provided  would  be  less  than  the  costs  of  the 
transfers.  Furthermore,  there  is  evidence 
that  substantial  supplies  could  be  obtained 
from  alternative  sources  at  lower  costs." 

Unfavorable  economics  are  exacerbated  by  the  economics 
of  alternatives  to  water  storage  and  transfer  systems.  Alterna¬ 
tives  to  large-scale  water  transfer  include:  reductions  in 
conveyance  losses,  additional  surface  development,  wastewater 
reclamation,  desalination,  vegetative  management,  evaporation 
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retardation  and  transfers  from  agriculture  to  high-valued  uses. 

This  last  alternative  recognizes  the  fact  that  most  basin  transfers 

planned  have  been  primarily  for  agricultural  reasons,  including 

direct  use  or  ground  water  aquifer  recharge.  However,  it  has 

been  estimated  (in  1975)  that  one  acre-foot  of  water  will  return 

$50  per  year  in  agriculture,  $200  to  $300  per  year  in  recreation, 

g 

and  $3,000  to  $4,000  per  year  if  used  for  industry.  Further,  a 
distinction  is  usually  made  between  transfers  to  maintain  existing 
agriculture  or  to  establish  additional  crop  acreage.  The  expan¬ 
sion  of  irrigated  acreage  may  be  profitable  only  under  continuing 
federal  subsidies.  Also,  the  developed  acreage  may  displace 
present  uses  of  that  land.  The  decline  of  prime  farmland,  the 
stabilizing  of  productivity  per  acre  and  the  use  of  food  produc¬ 
tion  in  balance  of  payments  and  foreign  policy  may  offset  these 
impacts.  Alternatively,  the  increase  in  energy  costs  amplify 
them . 

Alternatives  that  involve  conservation  are  promising. 

It  has  been  estimated  that  as  much  as  9  million  acre- feet  per 

Q 

year  could  be  saved  in  the  western  portions  of  the  United  States. 
Similarly,  the  use  of  treated  sanitary  effluent  for  agricultural 
and  industry  source  water  decreases  demand  for  new  transfer 
systems.  In  1971,  Los  Angeles  was  reclaiming  approximately  16 
million  gallons  per  day  and  using  it  for  ground  water  aquifer 
recharge. 

Other  literature  indicates  that  interbasin  transfer 
of  water,  including  both  large  and  small-scale  systems,  are 
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feasible  only  where  a  tangible  benefit  to  the  donor  region  could 

10 

be  shown  and  the  diversion  (transfer  agreement)  is  cancellable. 

In  terms  of  benefits,  they  should  be  at  the  exclusive  expense 
of  the  receiving  region  and  could  include  some  level  of  flood 
control  or  of  low  stream  flow  augmentation,  both  of  which  would 
require  increased  dam  and  reservoir  sizes.  As  an  alternative, 
cash  payments  could  be  made  directly  to  the  counties  primarily 
affected  by  the  diversion.  Cash  payments  would  be  difficult 
to  administer  and  could  lead  to  endless  litigation  because  of 
the  highly  interrelated  effects  of  a  diversion  schedule  on  indi¬ 
vidual  commun i ties.  Obvious  benefits  accrue  to  transfer  schemes 
that  involve  only  flood  skimming.  However,  flood  skimming 
projects  are  of  little  benefit  to  the  receiving  region  unless 
a  large  amount  of  unused  storage  is  available. 

Water  storage  and  transfer  systems,  serving  large 
areas  or  populations,  demonstrate  economies  of  scale.  However, 
it  has  been  shown  that,  with  the  exception  of  storage  reservoirs 

and  wastewater  treatment  facilities,  little  evidence  of  actual 

1 1 

economies  of  scale  exist. 

Benefits  derived  from  the  establishment  of  a  water 
storage  and  transfer  system  must  equal  to  and  preferably  exceed 
the  costs.  The  value  of  benefits  is  difficult  to  estimate  and 
depends  on  economics  of  the  use  of  the  transferred  water. 
Economics  of  use  include  direct  and  induced.  For  example,  water 
transferred  for  irrigation  could  induce  industrial  development. 
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etc.  The  placing  of  a  value  to  benefits,  for  subsequent  com¬ 
parisons  to  development  cost,  is  a  nebulous  act  easily  confused 
by  statistical  procedures,  exogenous  and  indigenous  variables 
and  mathematical  models.  Acceptance  of  these  procedures  by  the 
technical  community  is  difficult;  acceptance  of  the  results  of 
these  procedures  by  a  community  opposed  to  or  affected  by  a  water 
transfer  project  is  impossible. 

The  environmental  impacts  of  water  storage  and  transfer 
projects  span  from  the  ecological  to  the  social.  Ecological  im¬ 
pacts  include:  disruption  or  perhaps  destruction  of  terrestrial 
habitat  by  i nnundation ;  modification  of  stream  flow  resulting  in 
fish  kills  or  destruction  of  benthic  communities;  physical  obstruc¬ 
tions  to  migratory  pathways;  loss  of  vegetation;  and  perhaps  loss 
of  habitat  for  threatened  or  endangered  species.  Impacts  to 
water  quality  could  include:  alterations  in  the  water  table  of 
affected  areas;  increased  stream  pollution  due  to  decreased  flow; 
increased  sedimentation  and/or  scour  of  stream  bed  and  banks;  and 
increased  fish  kills  due  to  supersaturation  of  waters  with  oxygen 
and  nitrogen  from  passing  over  dams  and  spillways.  Social  impacts 
include  recreation  and  aesthetics,  attitudes,  increased/decreased 
economic  activity,  tax  revenue,  etc.  It  is  very  difficult  to 
segregate  social  impacts  from  legal  and  institutional  barriers. 

Positive  environmental  factors  of  water  storage  and 
transfer  would  include  flood  control  and  adequate  water  supply. 

The  absence  of  each  is  a  precursor  to  severe  environmental  impacts 
that  also  span  from  the  ecological  to  the  social.  Each  individual 

5-14 


r 


water  storage  and  transfer  project  must  be  analyzed,  with  and 
without  the  project,  in  site-specific  terms  and  with  accurate 
site-specific  data  to  permit  an  estimation  of  impacts. 

The  largest  legal  barrier  is  water  rights.  In  the 
western  part  of  the  United  States,  water  rights  as  opposed  to 
riparian  rights  dominate.  A  water  right  is  solely  a  creation 
of  law.  It  is  a  set  of  relationships  between  a  person  who  is 
said  to  own  the  water  right  and  all  other  persons  in  the  world, 
relative  to  a  particular  source  of  water.  The  establishment  of 
water  storage  and  transfer  projects,  in  the  West,  involves  the 
need  to  purchase  rights  to  the  water  from  its  owner.  Frequently, 
this  is  very  difficult  and  expensive. 

Based  on  recent  Presidential  and  Congressional  action 
on  large-scale  water  projects,  it  is  unlikely  that  any  new 
large-scale  storage  and  transfer  projects  will  be  initiated. 
Emphasis  on  solutions  to  local  water  supply  problems  is  with 
regard  to  conservation  and  reuse.  Conservation,  primarily 
reducing  losses  through  conveyance  system s--seepage,  infiltration, 
evaporation,  etc.,  and  improved  management  practices  indicate 
savings  commensurate  with  the  capacity  of  some  proposed  projects 
and  at  a  reduced  cost. 

Most  storage  and  transfer  projects  built  in  the  western 


part  of  the  United  States  were  originated  for  agricultural  pur¬ 
poses,  primarily  for  irrigated  acreage.  It  has  been  shown  that 
treated  municipal  sewage  may  be  used  for  irrigation  purposes. 


Reuse  of  this  resource  is  less  costly  than  new  transfer  systems. 
Federal  requirements  for  upgrading  municipal  effluents  and  for 
controlling  industrial  pollutants  in  municipal  effluents  makes 
reuse  more  viable. 

Transportation  of  Icebergs 

The  concept  of  transporting  ice  from  its  place  of  origin 

to  a  distant  location  for  use  is  not  new.  Such  practice  was 

done  on  a  fairly  regular  basis  along  the  coast  of  South  America 
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between  1890  and  1900.  Interest  in  iceberg  towing  operations  was 
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revived  in  1960  and  has  intensified  since  the  early  70's.  An 
appraisal  was  made  of  the  existing  and  future  water  supply  of 
suitable  icebergs  in  terms  of:  the  towing  power  required;  the 
ice  loss  due  to  enroute  melting;  and  the  overall  economic  feasi¬ 
bility  of  towing  icebergs  from  the  south  polar  region.  Most 
published  literature  emphasizes,  however,  the  necessity  for 
pilot  projects  to  verify  assumptions  and  calculations;  but,  to 
date,  no  such  demonstration  projects  have  been  initiated. 

Tow  testing  of  small-scale  icebergs  ( 1 6 1  x  4'  x  1.6') 
was  conducted  from  October  1978  to  January  1979  under  the  auspices 
of  the  U.S.  Navy  Postgraduate  School  at  Monterey,  California. 

The  project  investigated  gross  regression  rates  of  ice  surfaces, 

wake  temperatures ,  turbulent  thermal  boundry  layer  and  shape 

1  6 

changes  over  the  melting  period. 

The  concept  of  towing  tabular  icebergs  from  Antarctica 


to  the  southern  coasts  of  Australia  and  South  America  and  the 
southwestern  coast  of  Africa  is  both  technically  and  economically 
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feasible.  The  feasibility  of  transporting  fresh  water  in  the 

form  of  icebergs  to  the  coasts  of  the  United  States  is,  however, 

doubtful.  The  availability  of  large  pieces  of  tabular  ice  is 

almost  exclusively  limited  to  Antarctica.  The  distance  between 

that  region  and,  for  example,  the  southern  Pacific  coast  of  the 

United  States  is  8,000  miles  or  more.  Such  a  distance 

would  require  a  transit  time  of  10  months  or  more,  provided 

the  towing  vessel  could  average  a  one-knot  towing  rate  during 

the  entire  trip  and  that  the  iceberg  of  towable  size  would  not 
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melt  prior  to  arrival. 

The  transport  of  icebergs  from  their  source  regions  to 
a  point  where  they  could  be  processed  for  the ^extraction  of  fresh 
water  would  involve  the  following  operations: 

A  Location 

•  Selection 

•  Breakout 

A  Hook-up 

a  Transportation 

A  Termination 

Satellite  photographic  techniques  are  available  for 
use  in  locating  and  selecting  tabular  icebergs  which  have  the 
shape  and  size  to  meet  delivery  criteria.  Breakout  of  large 
tabular  icebergs  may  not  be  necessary  depending  on  the  time  of 
year  (e.g.,  Antarctic  summer)  and  the  location  of  the  glaciers 
relative  to  open  water.  There  is  very  little  information  regarding 
the  technique  of  breaking  out  an  Iceberg  and  considerable  doubt 
exists  that  a  breakout  could  be  effected. 
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Assuming  that  an  iceberg  of  proper  size  and  shape  is 

found  and  is  free  to  be  moved,  hook-up  remains  a  problem.  Two 

1  8 

approaches  to  problem  solution  have  been  published:  One  involves 
the  sinking  of  deadman-type  anchors  beneath  the  surface  of  the 
iceberg;  and  the  second  envisions  a  bridle  or  net  which  would 
surround  the  entire  iceberg.  There  is  no  indication  in  available 
literature  that  either  of  these  proposed  hook-up  methods  have 
been  attempted,  nor  is  there  indication  that  the  space  and 
manpower  requirements  of  these  hook-up  systems  on  the  towing 
vessel  has  been  investigated. 

Problems  mentioned  in  iceberg  towing  are  summarized 

below: 

•  No  unprotected  iceberg  would  be  likely  to 
survive  the  ablation  caused  by  a  long  trip 

to  low  latitudes.  On  shorter  journeys,  e.g., 
to  Australia,  unprotected  tows  may  be  possible 

•  Icebergs  with  a  horizontal  dimension  exceeding 
about  2  km  may  well  be  prone  to  mechanical 
breakup  by  long  wavelength  swells.  Thinning 
by  ablation  woul d  aggravate  this  problem 

•  Stability  considerations  indicate  that  a 
200  m  thick  iceberg  must  be  at  least  300  m 
wide.  Cliff  erosion  and  vertical  thinning 
are  additional  factors  to  be  considered  in 
assessing  long-term  stability 

•  Anticipated  problems  dictate  a  very  limited 
choice  in  the  size  of  icebergs  that  would  be 
suitable  for  towing  . 

An  additional  factor  affecting  operational  feasibility 
is  weather.  On  a  short  trip,  e.g.,  to  Australia  (assuming  a 
distance  of  1,875  nautical  miles  at  a  speed  in  advance  of  one 


knot,  the  trip  would  take  approximately  75-80  days),  the  travel 
time  is  such  that  it  would  be  unrealistic  to  assume  calm,  storm- 
fr#e  conditions  during  the  journey  even  if  conducted  during  the 
Antarctic  summer  season.  Heavy  weather  conditions  could  signi¬ 
ficantly  affect  travel  time;  cause  iceberg  breakup;  and/or  result 
in  loss  of  the  entire  tow. 

Although  tow  vessel  power  requirements  have  been 
investigated,  no  substantial  analyses  have  been  made  of  vessel 
configurations.  Due  to  logistics  considerations  and  the  evolu¬ 
tions  required  in  preparation  for  towing,  the  configuration  of 
the  tow  vessel  may  require  significant  modification  and/or  new 
design  to  accommodate  requirements  for  lar^cje  fuel  capacity,  space 
for  the  storage  of  towing  gear,  and  crew. 

There  has  not  been  any  regular  transport  of  ice  from 
origin  to  user  during  the  20th  Century.  The  rate  of  ice  delivery, 
the  size  of  icecakes  and  the  sizes  and  characteristics  of  the 
towing  ships  which  moved  ice  along  the  South  American  coast 
during  the  last  decade  of  the  19th  Century  are  not  known. 

Interest  in  the  concept  of  transporting  ice  from  south 
polar  regions  to  arid  regions  to  supplement  fresh  water  supplies 
has  increased  since  1960.  Since  then,  there  have  been  a  number 
of  laboratory  studies  and  published  papers  regarding  feasibility 
including  an  identification  of  anticipated  problems  in  terms  of 
geophysical  and  engineering  areas  that  require  further  investi¬ 
gation.  Only  limited  testing  (1978)  with  very  small  icecakes 
has  been  performed.  No  actual  in  sijtu,  pilot  demonstration 


projects  have  been  initiated.  Available  literature  does  not 
indicate  any  plans  to  conduct  such  demonstration  projects. 
Further,  most  of  the  technical  studies  recommended  by  publica¬ 
tions  in  1973  have  yet  to  be  undertaken.  Interest  and  study  of 
conservation  and  reuse  schemes,  including  the  use  of  treated 
sewage  effluent  to  extend  available  water  supplies,  seem  more 
probable  than  iceberg  towing. 

MATER  USE  AND  REUSE 

Topics  of  investigation  under  this  subject  include: 
irrigation;  industrial  use  of  brackish  water;  water  reuse  and 
recycle;  water  conservation  devices;  liquid  waste  disposal; 
and  solid  waste  disposal.  General  findings  are  as  follows: 

•  Irrigation  will  continue  to  be  the  dominant 
use  of  ground  water  in  the  II. S.  Adoption  of 
recycling  and  reuse  of  treated  sanitary  waste- 
water  for  direct  crop  watering  and  for  aquifer 
recharge  is  highly  probable.  Improved  manage¬ 
ment  practices  and  conservation  are  likely 

to  be  adopted  over  the  next  20  years  to  extend 
available  supplies 

•  No  evidence  exists  that  industry  will  depend 
on  salt  or  brackish  water  for  process  and 
cooling  requirements  during  the  next  20  years 

•  Reuse  and  recycle  of  process  and  cooling 
waters  will  increase  significantly  over  the 
next  20  years  due  to  pollution  legislation 
and  economics 

•  Water  conservation  devices  will  not  be  widely 
adopted  until  their  performance  is  improved 
and  maintenance  requirements  have  been 
decreased 

•  Federal  legislation  exists  and  state  programs 
are  being  developed  to  control  the  release 

of  liquid  and  solid  wastes  into  navigable 
waters,  including  accidental  discharges. 

This  legislation  will  be  implemented  during 
this  decade. 


I rri gati on 

Irrigation  in  the  United  States  began  with  the  Indian 
settlements  in  the  Southwest  long  before  the  first  European 
colonists  arrived.  In  later  history,  Spanish  colonists  expanded 
the  cultivation  of  the  Southwest  by  artificial  application  of 
water.  As  early  as  1870,  as  many  as  275,000  acres  were  irri¬ 
gated.  By  1889,  irrigated  agriculture  had  increased  to  include 
3,631,381  acres.  In  1935,  the  Hoover  Dam  made  possible  the 
cultivation  of  more  than  a  million  additional  acres.  By  1967, 
the  Bureau  of  Reclamation  had  completed  the  construction  of 
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252  storage  dams,  126  diversion  dams  and  48  hydroelectric  plants, 
further  extending  the  acreage  opened  up  for  cultivation  and 
i rri ga  ti on . 

Irrigation  of  agricultural  land  is  the  most  powerful 
method  for  increasing  crop  yields  and  reducing  crop  variability. 
Irrigated  acreage  has  expanded  with  population  to  provide  not 
only  their  food  and  fiber  needs  but  also  to  make  possible  habi¬ 
tation  of  arid  and  desert  areas.  During  the  present  century, 
the  amount  of  irrigated  acreage  worldwide  has  increased  exponen¬ 
tially,  doubling  every  thirty  years  to  an  extent  now  comprising 
some  15  percent  of  the  total  cultivated  area.  Out  of  a  total 
of  460  million  acres  of  developed  land  in  the  United  States, 

a  1974  survey  estimated  the  total  irrigated  area  to  be  41,313,000 
21 

acres . 


Most  irrigated  lands  in  the  United  States  are  in  the 
western  region.  In  1975,  California  accounted  for  23  percent 


r 


of  all  irrigation  water  consumed.  Large-scale  irrigation 
projects  are  also  located  in  the  arid  and  semiarid  regions  of 
the  plains  and  western  mountain  regions.  Between  1975  and 
2000,  it  is  expected  that  about  56  million  acres  of  irrigated 
land  will  be  developed  for  agricultural  use.  A  regional  break¬ 
down  of  present  and  forecast  acreage  is  provided  as  Table  5-2. 
More  than  1  million  acres  of  land  for  future  crop  production  may 
be  taken  from  currently  wet  soils  and  other  lands  that  require 
minor  improvements. 

Irrigation  is  an  inherently  consumptive  use  of  water, 
and  it  is  expected  to  continue  as  the  dominant  source  of  water 
consumption  throughout  the  next  20  years.  Irrigation  water 
withdrawals  totalled  159  billion  gallons  per  day  in  1975  with  ^ 
an  associated  consumptive  use  of  86.4  billion  gallons  per  day. 

The  future  of  agricultural  demand  for  water  depends 
upon  a  number  of  variables,  including:  food  and  fiber  demand 
(domestic  and  export);  federal  policies  adopted  for  control  of 
farm  production,  resource  and  development,  and  environmental 
quality;  the  rate  of  technological  advance;  and  the  price  of 
water  for  various  users. 

An  evaluation  of  the  nation's  water  supply  situation 
for  irrigation  has  generally  indicated  an  overall  positive 
outlook  but  with  localized  supply  problems.  It  is  likely  that 
the  U.S.  agriculture  will  not  be  faced  with  overall,  large-scale 
aggregate  strains  on  food  producing  capacity  and  water  supply 
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TABLE  5-2.  Summary  of  Agricultural  Lands, 

by  WRC  Regions,  1*175  ,  1  985  ,  2000 


Region 


New  England 


Mid-Atlantic 


At! anti c-Gul f 


Great  Lakes 


Ohio 


Tennessee 


Upper  Mississippi 


Lower  Mississippi 


Souris-Red-Rainy 


Missouri 


rkansas-whi te 


Texas-Gul f 


Rio  Grande 


Upper  Colorado 


Lower  Colorado 


Great  Basin 


Pacific  Northwest 


Ca  1  i  f orn i a 


Alaska 


Hawai  i 


Cari bbean 


Regions 


--Regions 


Crop  Land 


1975  1985  2000  1975 


1975 

1 

! .  8 

1  1 

1  .  7 

2  f 

i.  3 

2  i 

1.  9 

31 

! .  9 

25.7  27.5 


9  25.4  25. 


33.0 

33.0 

■H 

HI 

64.3 

64.7 

21  .  9 

i 

22.5 

20.9 

20.  9 

105.3 

105.1 

44.6 

45.1 

24.9 

24.6 

2.8 

2.8 

2.1 

2.1 

1  .  4 

1  .  4 

2.8 

2.8 

19.1 

18.9 

10.6 

10.  4 

0.1 

0.1 

0.3 

0.3 

0.  5 

0.4 

423.6 

425.3 

424.4 

426.1 

I  rri gated 

Farm  Land 

1  975 

1  985 

2000 

0.1 

0.1 

0.1 

0.3 

0.4 

0.5 

2.0 

2  .  6 

3.0 

0.2 

0.2 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

;  0.2 

0.3 

0.4 

2.0 

2.5 

2.9 

0.1 

0.1 

0.3 

11.0  11.5 


Aari cul tur 


1975 


3. 


16.6 


40.6 


27.3 


46.9 


8.0 


5. 


30.3 


24.2 


26 


111  .0 


83.7 


66.1 


.  3 


53.7 


117.6 


70.2 


38.9 


238.2 


1.0 


1.4 


1  066.5 


1307.1 


Agricultural  land  includes  crop  land,  pasture,  and  range  land 
Other  agricultural  land,  forest,  and  woodland  are  excluded. 


needs  until  after  the  year  2000.  However,  there  will  be  severe 
water  problems  in  certain  areas  of  the  country  prior  to  this 
time.  The  most  arid  areas  of  the  West  are  presently  subjected 
to  occasional  flooding  while  the  humid  areas  of  the  East  have 
experienced  seasonal  water  shortages.  Large  population  increases 
and  industrial  expansions  are  creating  water  shortages  and  pollu¬ 
tion  problems  on  both  a  local  and  a  regional  scale.  The  increasing 
usage  of  chemicals  in  agriculture  has  created  pollution  problems 
i n  some  regi ons . 

Approaches  that  can  be  taken  for  meeting  localized 
demand  for  water  include  technological  advances  to  improve  effi¬ 
ciency  in  water  use,  development  of  practices  and  systems  to 
maintain  and  improve  the  quality  of  water,  additional  control 
of  streams  and  rivers  to  prevent  flooding  and  provide  for  water 
storage,  and  water  reuse  practices. 

Efficiency  in  irrigation  is  the  delivery  and  appli¬ 
cation  of  only  the  amount  of  water  needed  to  replenish  soil 
moisture  in  the  root  zone  of  the  crop  and  to  satisfy  any  leaching 
requirement  for  salinity  control.  Improved  irrigation-efficiency 
could  be  achieved  in  three  broad  areas:  scheduling  of  water 
application;  improvement  of  on-farm  water  handling  methods; 
and  improvement  of  project-wide  water  handling  methods.  It  is 
estimated  that  the  adoption  of  such  technology  and  practice 
could  save  as  much  as  10  percent  of  the  water  currently  consumed. 
Such  water  efficient  irrigation  systems  as  sprinkler  or  drip 
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system  for  certain  crops  could  result  in  the  reduction  of  water 

2? 

consumption  by  as  much  as  40  percent. 

Efficiency  in  management  and  use  will  extend  the 
present  supply  of  available  water  for  irrigation.  Methods  are 
also  being  investigated  to  extend  existing  supplies  or  to 
establish  new  sources  of  supply.  A  method  of  emerging  interest 
is  the  direct  use  of  treated  sewage  effluent  from  municipal 
treatment  facilities  for  crop  irrigation  and  for  recharge  of 
ground  water  supplies.  Recharge  of  ground  water  aquifers  would 
supplement  natural  processes  and  also  serve  to  extend  or  enhance 
present  supplies.  Desalination  is  a  possible  new  source  of 
supply  for  land  areas  proximate  to  the  coasts. 

Water  reuse,  including  the  direct  application  of 

treated  municipal  sewage,  is  a  means  for  augmenting  the  supply 

of  surface  and  ground  waters.  Localized  limitations  of  present 

sources  of  water  supply,  increasing  delivery  costs  for  that 

supply  and  water  pollution  control  requirements  for  high  quality 

treated  effluent  have  increased  the  national  interest  in  water 

reuse  and  in  wastewater  reclamation.  Several  crops  are  currently 
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being  irrigated  by  municipal  wastewater  with  excellent  results. 

In  California,  truck  crops  such  as  asparagus,  beans,  cucumbers, 
onions  and  tomatoes  are  sometimes  irrigated  with  such  effluents. 

Ground  water  recharge  by  percolation  or  well  injection 
using  treated  municipal  wastewater  is  a  method  of  interest  for 
extending  the  use  of  ground  water  supplies.  Ground  water  aquifer 
recharge  with  treated  effluents  has  been  shown  to  be  an  effective 


method  of  recharge  as  well  as  a  means  of  minimizing  salt  water 
intrusion.  The  use  of  treated  effluent  for  recharge  and  hydro¬ 
static  head  purposes  is  likely  to  increase  greatly  over  the 
next  20  years.  Such  practices  have  been  utilized  in  coastal 
areas  threatened  by  intrusion  and  in  the  arid  southwestern 
United  States  where  ground  water  mining  is  now  occurring. 

Aquifer  recharge  using  treated  effluent  may  be  accom¬ 
plished  by  percolation  or  by  well  injection.  Recharge  by 
percolation  has  several  advantages  over  recharge  by  well  injec¬ 
tion:  standard  quality  effluent  from  secondary  treatment 

facilities  can  be  used  successfully;  capital  costs  and  operation 
and  maintenance  requirements  are  minimal;  and  the  soil  provides 
a  form  of  tertiary  treatment.  Currently  only  a  small  percentage 
of  treated  municipal  wastewater  is  reused. 

Projections  for  irrigation  waters  between  1975  and 
2000  indicate  an  increase  in  withdrawals  to  1985  with  a  slight 
decrease  through  2000.  During  the  same  period  of  time,  consump¬ 
tion  is  expected  to  remain  constant.  Constant  consumption  is 
inherent  in  agriculture,  unless  some  form  of  capture  of  return 
flows  is  implemented.  Such  a  capture  and  treatment  system 
appears  to  be  presently  technologically  and  economically 
infeasible.  Indeed  the  requirement  of  such  systems  for  waste 
disposal  sites,  which  involves  much  smaller  land  areas,  has 
been  cited  as  a  major  barrier  to  implementing  waste  disposal 
1  aws . 
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The  estimated  40  to  50  percent  savings  in  water  realized 
by  adopting  efficiency  management  and  new  equipment  (e.g.,  spray 
or  drip  irrigation)  is  already  being  investigated.  Similarly, 
increased  use  of  treated  municipal  effluent  will  probably 
occur.  On  a  local  basis,  irrigation  by  wastewater,  either 
partially  or  completely  treated,  will  help  to  solve  multiple 
problems  of  irrigation  and  waste  disposal. 

Industrial  Use  of  Brackish  Water 

The  use  of  brackish  water  by  U.  S.  industry  has  not 
yet  occurred.  Israel  appears  to  be  the  only  country  that  has 
used  brackish  water  for  industrial  purposes.  The  use  of  this 
water  in  Israeli  industry  during  the  past  ten  years  is  shown 
for  the  various  categories  of  salinity  in  Table  5-3.  The 
relatively  large  increase  in  use  in  1970/71  is  partly  accounted 
for  by  the  fact  that  Haifa  Refineries  Ltd.  began  to  use  treated 
sewage  effluent  in  large  quantities  {450,000  cu.  m)  that  year. 

Most  of  the  brackish  water  is  used  in  the  mining  and  quarrying, 
chemical,  and  food  industries. 


TABLE  5-3  Water  Use  in  Israeli  Industry 

( MCM/year ) 

400-2000 


Year 

Total 

400  ppm  Cl 

ppm  Cl 

2000  ppm  Cl 

1 963/64 

57.3 

37.3 

15.1 

4.9 

1964/65 

54.4 

36.4 

13.7 

4.3 

1965/66 

59.1 

37.8 

15.9 

5.4 

1 966/67 

60.8 

36.7 

17.2 

6.9 

1  967/68 

66.0 

40.3 

14.4 

11.3 

1 968/69 

70.2 

46.0 

16.8 

7.4 

1969/70 

75.9 

50.0 

16.1 

9.8 

1970/71 

86.3 

56.4 

18.0 

11.9 
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Three  cateaories  of  brackish  water  are  considered 

for  possible  use:  less  than  400  ppm  Cl;  between  400-200  ppm 

Cl;  and  greater  than  2000  ppm  Cl.  Brackish  water  of  the  first 

two  categories  is  considered  of  qood  quality  and  suitable  for 

recirculation  in  operations  such  as  cooling,  washing  and 

dilution  in  all  branches  of  industry.  Particular  industries 

for  such  use  are  chemical,  mining  and  quarrying  industries. 

Brackish  waters  of  the  third  category  can  be  used  in  industry, 

but  mainly  on  a  once-through  basis  only,  as,  for  instance, 

24 

in  open  circuit  cooling.  The  permissible  salinity  level 
in  recirculating  cooling  water  is  determined  primarily  by 
the  compositon  of  materials  from  which  the  components  of  the 
cooling  system  are  built  (i.e.,  cooling  tower,  water  pipes, 
heat  exchange  pipes,  etc.);  and  by  the  type  of  water  treatment 
used  to  prevent  scale  formation,  corrosion  and  fouling,  and 
to  protect  the  internal  structure  of  the  cooling  tower. 

The  use  of  brackish  water  must  be  supplemented  by 
addition  of  fresh  make-up  water.  The  amount  of  make-up 
required  increases  nonlinearly  with  increase  in  salinity, 
according  to  the  following  rules  of  practice: 

•  To  replace  make-up  water  containing  200  ppm 

Cl  by  water  of  400  ppm,  a  12.5  percent  increase 
in  make-up  is  required, 

t  To  replace  make-up  water  containing  200  ppm 

Cl  by  water  of  1000  ppm,  an  80  percent  increase 
in  make-up  is  required, 

•  To  replace  make-up  water  containing  200  ppm 

Cl  by  water  of  1,500  ppm,  the  make-up  required 
increases  by  a  factor  of  3.6. 
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Mater  Reuse  and  Recycle 

Reuse  of  water  is  an  ancient  concept.  Sewage  was 
used  for  irrigation  in  Athens.  It  was  also  widely  used  in 
Germany  beginning  in  the  17th  Century  and  in  arid  portions  of 
this  country  during  the  last  century.  Problems  of  increasing 
population,  industrialization  and  urbanization  resulted  in 
lengthy  discussion  of  reuse  and  conservation  at  the  historic  U.S. 
Governors  Conference  held  in  1908  in  Washington,  D.C. 

Sewage,  then  later  (1930)  treated  water,  has  been 

used  for  irrigation  in  Golden  Gate  Park  in  San  Francisco  since 

the  park's  inception.  Grand  Canyon  Village  has  reused  water 

for  irrigation  for  50  years.  Bethlehem  Steel  Company  at 

Sparrows  Point,  Maryland,  has,  for  50  years,  used  secondary 

treatment  water  from  the  City  of  Bal timore  for  cooling.  A 

multi-purpose  (irrigation/industrial)  reuse  project  in 

Lubbock,  Texas  has  been  operating  since  1938.  The  El  Paso 

Products  Company  in  Odessa,  Texas  has  been  using  secondary 

effluent  for  both  cooling  and  boiler  makeup  for  more  than  20 

years.  Amarillo,  Texas,  Burbank,  California  and  Colorado 

Springs,  Colorado  are  other  locations  where  industrial  water 

25 

reuse  has  been  in  operation  for  10  to  20  years. 

At  present,  there  are  about  535  existing  water  reuse 
projects  in  the  continental  United  States,  Hawaii  and  the 
Virgin  Islands  operating  at  a  total  (1975  estimate)  reuse  rate 
of  678  million  gallons  a  day  (MGD).  Figure  5-2  shows  existing 
water  reuse  projects. 
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FIGURE  5-2 


Existing  Water  Reuse  Projects 
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As  of  1975,  about  two-thirds  of  these  projects  in¬ 
volved  small  irrigation  disposal  operations.  Unttl  quite 
recently,  the  typical  municipal  reuse  project  has  involved 
the  delivery  of  primary  or  secondary  effluent  to  a  single  user 

for  small-scale  irrigation  of  pastureland,  forage  crops,  or 

25 

nonfood  crops  such  as  cotton. 

The  reuse  picture  is  changing.  Analysis  of  data 
contained  in  a  1975  report  to  EPA25  shows  a  definite  improve¬ 
ment  in  the  quality  of  reclaimed  water  delivered  to  users  in 
the  more  recent  projects.  Reuse  projects  that  had  been 
started  before  1967  were  apt  as  not  to  "violate"  what  are  now 
the  secondary  treatment  criteria  for  biochemical  oxygen 
demand  (BOD)  and  suspended  solids  (SS)  ;  but  some  80  percent 

25 

of  the  projects  initiated  after  1967  satisfied  these  criteria. 
Additionally,  there  is  a  trend  toward  larger  capacity  reuse 
and  recycle  projects.  The  technical  and  operational  feasibility 
of  water  reuse/recycling  has  been  proven. 

Reuses  requiring  waters  of  secondary  quality  are 
considered  economically  feasible.  These  include  agricultural 
irrigation,  livestock  and  wildlife  watering,  once-through 
cooling,  and  process  water  for  primary  metal  industries. 
Landscape  and  urban  irrigation  using  filtered  secondary  efflu¬ 
ents  is  feasible,  as  is  the  use  of  this  effluent  for  enhanced 
26 

oil  recovery. 
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Domestic  reuse  is  considered  economically  feasible 


in  certain  areas  of  the  country,  based  on  existing  and  projected 
costs.  Domestic  use  has  been  proven  to  be  practical  in  Windhoek, 

South  Africa,  and  in  the  Dan  region  of  Israel,  and  is  proposed  for  the 

Denver  area.  Pilot  and  full-scale  projects  for  domestic  use 

are  currently  being  tested  and  evaluated  at  Washington,  n.  C., 

the  Occoquan  Reservoir,  Virginia,  and  in  Orange  and  Truckee 

Counties  in  California.  Groundwater  recharge  to  potable 

aquifers  by  injection  and  percolation  basins  is  operational 

2  ft 

in  California. 

Uses  that  are  not  economically  feasible  include 
warm  and  cold  water  fisheries  and  primary  and  secondary 
recreation.  The  level  of  treatment  required  for  these  uses 
is  high  and  the  treatment  processes  costly.  The  food  industry 

also  presently  represents  poor  economical  feasibility  with 

,  „  26 
regard  to  reuse. 

Barriers  to  reuse  and  recycle  tend  to  vary  in 
severity  in  inverse  ratio  to  the  adequacy  of  the  fresh  water 
supply.  The  following  represent  the  kinds  of  considerations, 
which  vary  with  location  and  which  could  act  as  a  barrier: 

•  Where  water  is  an  inexpensive  commodity  and 
the  supply  of  that  fresh  water  is  plentiful, 
the  reuse  of  municipal  effluents  or  extensive 
internal  recycling  is  not  economically  advan¬ 
tageous  . 
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0  Where  wastewater  treatment  requirements  are 
stringent,  the  marginal  cost  involved  in 
bringing  effluent  up  to  industrial  quality 
requirements  may  be  relatively  small.  The 
burden  of  the  majority  of  the  treatment  cost 
is  on  those  who  discharge  wastewater,  so  that 
the  production  and  delivery  of  reclaimed  water 
to  industrial  users  are  economically  favorable. 

0  Public  support  in  terms  of  grants  for  construc¬ 
tion  or  in  terms  of  increased  potable  water 
price  is  often  needed  to  make  a  reclaimed  water 
distribution  system  economically  viable. 
Historically,  each  new  source  of  water  costs 
more  than  the  previous  source,  and  the  new 
higher  costs  are  simply  averaged  with  the 
earlier  lower  costs.  When  dealing  with  a 
shortage  of  water,  the  issue  is  not  neces¬ 
sarily  the  cost  of  reclaimed  water  compared 
with  potable  water  price,  hut  whether  re¬ 
claimed  wastewater  can  be  afforded  to  in¬ 
crease  total  water  supply.  The  positive 
aspects  of  having  more  water  must  he  weighed 
against  the  negative  aspects  of  higher  costs 
or  the  possible  alternatives  of  water 
rationing  or  elimination  of  lower  priority 
uses  . 

0  A  reclaimed  water  distribution  project  must 

maintain  the  existing  water  market  chain  from 
supplier  through  wholesaler  to  retailer  and  user 
of  reclaimed  water.  Any  attempt  to  bypass  one 
of  these  major  links  would  cause  disruptions 
and  misallocations  of  costs  and  opposition  to 
a  project. 

0  More  stringent  discharge  requirements  for 

industry  will  increase  the  amount  of  internal 
recycling  and  reduce  the  opportunity  for 
distribution  of  reclaimed  municipal  effluent 
to  users. 

0  One  economic  factor  is  the  cost  to  meet  discharge 
requirements,  i.e.,  sewer  services  charges. 
Internal  recycling  becomes  cost  effective  when 
discharge  requirements  reach  some  critical  level. 
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provided  that  treatment  costs  have  not  increased 
to  the  point  where  industry  is  out  of  business. 

With  increasingly  stringent  discharge  require¬ 
ments,  the  volume  of  water  used  generally  increases, 
thereby  diluting  the  concentration  of  pollutants 
below  discharge  levels.  However,  once  discharge 
requirements  reach  some  point,  the  effluent  water 
becomes  too  good  to  throw  away  and  recycling 
becomes  cost  effective. 27 

A  study  completed  last  year  for  the  OWRT  projected 
that  reuse  would  undergo  a  fourfold  increase  by  the  year  2000, 
growing  from  0.2  percent  of  freshwater  withdrawals  in  1975 
to  1.7  percent  in  2000.  The  4.8  billion  gallons  per  day 
(BGD)  reused  would  be  largely  dedicated  to  agricultural  irri¬ 
gation  in  the  California,  Missouri,  and  Pacific  Northwest 
basins.  The  numbers  alone  would  appear  to  indicate  a  relatively 
small  role  for  municipal  wastewater  reuse,  particularly  when 
compared  to  the  tremendous  water  conservation  that  will  be 
realized  through  improved  industrial  recycling  techniques  (by 
2000,  some  866  BGD  will  be  recycled  in  the  steam  electric, 

manufacturing,  and  minerals  industries,  according  to  the  OWRT 
25 

study)  . 

Water  Conservation  Devices 

Interest  in  water  conservation  is  relatively  new. 

The  realities  of  shortages  of  water  supply  coupled  with 
increased  demand  and  increased  economics  have  produced  an 
awareness  that,  like  energy,  conservation  is  desirable. 

Recent  studies  have  documented  available  water 
conservation  devices  for  domestic  use.  Most  of  these  devices 
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are  designed  to  decrease  the  volume  of  water  discharged  by 
home  devices  such  as  toilet  fixtures,  showers,  washing 
machines,  dishwashers,  etc.  The  results  of  two  studies  are 
summarized  in  Tables  5-4  and  5-5  (references  28  and  29, 
respecti vely ) . 

As  shown  in  the  tables,  the  results  of  the  use  of 

various  devices  is  sporadic  and  variable.  One  reason  cited 

for  such  results  is  that  no  consistent  experimental  design 

30 

or  evaluation  of  data  has  been  performed.  Rather  each 

installation  and  follow-up  was  for  different  applications 

(although  similar)  with  no  common  basis  provided.  For  example, 

reductions  in  household  water  use  range  from  16  percent  to  an 

actual  increase.  The  most  consistent  conclusion  identified 

is  that  although  each  device  could  reduce  water  consumption, 

the  critical  variable  in  the  extent  of  savings  achieved  was 

in  follow-up  maintenance  and  adjustments.  In  other  words, 

the  devices  are  not  as  maintenance- free  as  the  appliances/ 

fixtures  on  which  they  are  installed. 

Limited  experiments  have  been  conducted  in  commercial 

use.  Flush  valve  and  vacuum  toilet  flushing  have  been 

successfully  used  in  hotels,  office  buildings  and  housing 
31 

in  Europe.  Similarly,  the  use  of  low-flow  showerheads  in 

dormitory  usage  produced  reductions  in  water  use  of  from  37 

32 

percent  to  62  percent. 

Conservation  devices  for  industry  are  less  defined 
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TABLE  5-4.  Water  Savings  vs.  Cost  in  Dollars  for 
Plumbing  Devices 


Hardware 

Devi ces 

Water 

Savings 

qpcd  + 

qpd* 

New  Construction 
Estimated  Cost 
Installed 

Matl .  Cost 

Old  Construction 
Estimated  Cost 
Instal led 

Matl.  Cost 

1_-Limiting  Flow 
Valves  for 
Shower 

6.0 

24 

1  5 

15 

35 

50 

2_- Li  mi  ting  Flow 
Valves  for 
Lavatory 

0.5 

2 

25 

25 

45 

68 

2- Li  mi  ting  Flow 
Valves  for 

Ki tchen  Si nk 

0.5 

2 

25 

25 

45 

68 

4_-Aerator  for 
Lavatory  and 
Kitchen  Sink 

0.5 

2 

2 

2 

2 

2 

^-Thermostat!’ c 
Mixing  Valve 

2.0 

8 

80 

90 

80 

100 

<5-Batch-type 

Flush  Valve  (1) 
for  Water 

Closet 

7.5 

30 

25 

40 

75 

105 

2-Batch-type 

Valves  (2)  in 
Dual  Cycle 
8-Urinal  with 

Ba  ten- type 

Flush  Valve 

15.5 

62 

55 

70 

120 

158 

7.0 

28 

125 

148 

150 

175 

2-Shallow  Trap 
Water  Closet 

7.5 

30 

20 

20 

80 

1  10 

J_0  -  Du  a  1  Cycle 
Water  Closet 

17.5 

70 

10 

10 

100 

1  30 

1 1 -Vacuum  FI ush 
Toilet  (100 
Homes ) 

22.5 

90 

(110)** 

295 

22-Vac uum  Flush 
Toilet  (Single 
Homes ) 

22.5 

90 

115 

1  520 

23- Was  hi n  g 

1.2 

5 

35 

3  5 

35 

3  5 

Machine  with 
Level  Control 

+  gal/capita  ( g a  1 /pe rs on /day ) 

*  four-member  household 
**  negative  cost,  i.e.,  cost  reduction 
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TABLE  5-5.  Water  Savings  Versus  Cost  for  Household  devices 
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in  the  literature.  The  major  thrust  in  agriculture,  industry 
and  steam  generation  is  recycling  and  reuse  of  withdrawn 
water  or  use  of  treated  municipal  sewage  (primarily  for 
agriculture).  For  steam  generation  water  conservation  devices 
for  cooling  are  dry  cooling  towers  and  fin-fan  cooling. 

These  devices  are  expensive,  primarily  in  terms  of  the 
increased  energy  consumption  required  to  achieve  water  con¬ 
servation. 

The  primary  barriers  toward  the  adoption  of  water 

conservation  devices  in  households  and  in  commercial  use 

are  the  variability  in  performance  (e.g.,  water  saved)  and 

the  requirement  of  periodic  maintenance  and  adjustment.  For 

example,  the  tables  presented  above  indicated  a  possible  reduc 

tion  in  water  consumption  varying  from  12  to  20  percent  for 

showerhead  devices;  however,  a  recent  report  from  the 

Comptroller  General  indicates  that  the  actual  reduction  may 

32 

have  been  as  low  as  one  percent.  This  contradictory  or  at 
least  highly  variable  performance  could  undermine  consumer 
confidence  in  purchasing  and  using  such  devices. 

Requirements  for  maintenance  and  adjustments  are 
a  barrier.  The  house  appliances  for  which  these  devices  are 
to  be  used  are  considered  reliable  and  essentially  maintenance 
free.  Indeed,  replacement  is  more  common  than  maintenance. 
Devices  requiring  professional  installation  plus  periodic 
adjustments  (i.e.,  a  service  contract)  would  not  receive  high 
demand . 
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Other  barriers  cited  include:  the  lack  of  veri¬ 
fiable  data  on  device  effectiveness,  a  lack  of  reliable  or 
unbiased  data  on  their  actual  performance,  and  a  general  lack 

of  availability  of  these  devices  in  customary  plumbing  fix- 
33 

ture  outlets.  These  problems  coupled  with  the  lack  of 

substantive  data  on  cost-savings  indicate  that  the  development 

of  water-reducing  technology  is  still  in  an  early  stage. 

The  adoption  of  water  conservation  devices  by  other 

than  domestic  or  commercial  sectors  is  doubtful.  Devices 

for  agricultural,  power  generation  and  industrial  use  are 

generally  lacking.  Emphasis  in  these  sectors  is  in  the  reuse 

or  recycle  of  process  waters,  including  the  reuse  of  treated 

municipal  wastewater.  At  the  residential  level,  recycle  or 

reuse  systems  are  extremely  rare;  no  complete  systems  are  as 
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yet  commercially  available. 

The  adoption  of  water  conservation  devices  for  resi¬ 
dential  use  will  require  technological  advances  to  decrease 
present  maintenance  and  ad  jus  tment  requirements  and  a  coordinated 
public  relations  campaign.  The  use  of  devices  to  control  usage 
is  not  as  effective  as  water  metering.  Reductions  in  usage 
of  from  27  to  50  percent  have  been  reported  for  metered  areas 
versus  flat-rate  areas.  Outdoor  use  of  water,  primarily  lawn 
and  garden  sprinkling  plus  car  washi ng, decreases  in  proportion 
with  cost.  A  coordinated  public  relations  campaign  could 
provide  factual  information  on  available  devices  including 
economics  and  effective  conservation. 
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Public  relations  campaigns  have  been  successfully 
used  to  achieve  water  conservation  goals  through  decreased 
usage  and  not  necessarily  conservation  device  utilization. 
Campaigns  comprising  distribution  of  handbooks,  workshops, 
slide  programs,  product  data  on  devices,  television  and  radio 
advertisements,  bumper  stickers,  plumbing  code  changes,  and 
distribution  of  plastic  bottles  for  reduced  toilet  flushes 
(tank  volume)  and  of  showerhead  flow  reducers  was  tried  by 
the  Washington  Suburban  Sanitary  District  and  achieved  reduc¬ 
tions  of  approximately  10  percent. 

Liquid  Waste  Disposal 

Wastes  or  by-products  of  man  and  industry  are 
gaseous,  liquid  and  solid.  Liquid  wastes  resulting  from  water 
flowing  over  land  (non-point  source)  and  directly  from  domestic 
and  industrial  activities  are  discussed  in  this  section. 

Solid  wastes  are  discussed  in  a  subsequent  section.  Gaseous 
wastes  are  not  discussed. 

Non-point  pollution  originates  from  farming; 
lumbering;  pesticides  and  fertilizers  applied  to  crops  and 
lawns;  disposal  of  waters  on  or  under  the  ground;  construction; 
and  mining.  Erosion  is  a  major  cause  of  non-point  pollution. 
Sediments  from  non-point  sources  are  estimated  to  be  360 
times  the  quantities  discharged  from  municipal  and  industrial 
point  sources.  Oxygen  demand  from  these  sources  is  estimated 

to  be  6  times  that  of  municipal  and  industrial  point  sources. 
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Non-point  sources  of  water  pollution  currently  produce  more 
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than  half  of  the  pollutants  entering  the  Nation’s  waterways. 

They  are  especially  difficult  to  control.  According  to  the  CEQ 
and  the  EPA,  control  of  non-point  sources  can  be  achieved,  but 
progress  to  date  has  had  limited  success  and  high  cost. 

Seventy-two  percent  of  the  river  basins  in  the 
United  States  are  affected  by  industrial  pollution  with  the 
Northeast  and  Great  Lakes  regions  most  affected.  Industrial 
pollution  includes  oxygen  depletion,  excessive  suspended 
material,  oil  and  grease,  heavy  metals,  toxic  substances, 
thermal  effects  and  pH  problems. 

Pollution  controls  for  industry  are  regulatory, 
being  specified  as  effluent  limitations  for  industry  achieve¬ 
ment.  The  Federal  Water  Pollution  Control  Act  Amendments  of 
1972  directed  EPA  to  establish  effluent  limitations  and  defined 
technology  for  achieving  those  limitations  for  discharges.  The 
Clean  Water  Act  modified  both  limitations  and  compliance  schedules. 
Accordingly,  EPA  has  defined  pollutants  as  "conventional", 
"non-conventional"  and  "toxic".  Technology-based  standards 
for  each  category  and  pollutant  are  to  be  developed.  A 
"technology  based”  standard  means  that  control  technology 
(processes  and  equipment)  availability  and  cost  ha' e  been 
accounted  for  in  setting  the  standard.  The  process  of 
setting  effluent  limitations,  by  category  of  pollutant, 
involves  the  collection  and  analysis  of  data  on  pollutant 
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sources  and  composition,  control  technologies  and  their 
economics,  and  on  economic  impacts. 

Industries  that  do  not  discharge  directly  to 
navigable  waters,  discharge  to  municipal  treatment  plants. 

EPA  has  estimated  that  up  to  25  percent  of  all  wastes  re¬ 
ceived  by  municipal  sewage  treatment  plants  is  industrial.^ 
Industrial  waste  can  disrupt  or  kill  biological  municipal 
treatment  processes,  pass  through  a  process  unaffected  or 
create  sludge  disposal  problems.  To  address  these  problems, 

EPA  has  developed  a  national  pretreatment  strategy  and  ob¬ 
tained  regulatory  authority  to  establish  national  pretreatment 
standards.  The  standards  provide  specific  criteria  for  the 
discharge  to  municipal  facilities  by  specific  industry. 

Further,  an  enforcement  program  for  these  pretreatment 
standards  will  be  required  as  part  of  the  NPDES  permit  for 
the  municipal  facility  receiving  industry  wastewater. 

July  1,  1977  was  the  deadline  for  industrial  dis¬ 
charges  compliance  with  effluent  limitations  based  on  Best 
Practicable  Control  Technology  (BPT,  PL  92-500).  Approximately 
81  percent  of  the  3,795  major  industrial  dischargers  complied; 
724  did  not.  By  February  1980,  the  number  of  industries  in 
noncompliance  was  decreased  to  627.  The  worst  300  offenders 
have  been  targeted  for  civil  and  criminal  enforcement  actions. 

Eighty-nine  percent  of  the  river  basins  in  the 


United  States  have  adverse  effects  due  to  municipal  treatment 


facilities.  Most  of  these  problems  are  due  to  facility  over¬ 
loads  or  inadequate  treatment.  Pollutants  most  often  encoun¬ 
tered  include  fecal  coliform  bacteria,  oxygen  demanding 
material,  phosphorus  and  nitrogen.  Municipal  discharges  can 
also  include  excessive  suspended  and  dissolved  solids,  heavy 
metals  and  toxic  organic  compounds. 

Combined  sewer  systems  can  severely  degrade  water 
quality.  Especially  in  older  cities  of  the  Great  Lakes  and 
Northeast  regions,  sewer  systems  handle  both  domestic  and 
storm  wastewater  (including  industrial).  During  times  of  rain¬ 
fall,  the  combined  wastewater  is  dumped  directly  into  re¬ 
ceiving  waters  after,  perhaps,  disinfection;  municipal  treat¬ 
ment  facilities  do  not  have  the  capacity  to  treat  such  large 
volumes,  and  it  may  be  uneconomical  to  build  and  operate 
facilities  that  would  be  utilized  at  capacity  only  once  in 
twenty-five  years. 

July  1,  1977  was  the  Congressional  deadline  for  municipal 
facilities  to  meet  secondary  treatment  criteria.  Fifty-eight 
percent  of  all  maj'or  municipal  discharges  did  aot  meet  the  dead¬ 
line.  Federal  financial  assistance  will  be  provided  to  munic¬ 
ipalities  to  help  achieve  secondary  treatment.  Federal  grants 
coupled  with  NPDES  permit  requirements  will  control  municipal 
discharges.  Further,  EPA  has  reached  an  agreement  with  the  Army 
Corps  of  Engineers  to  have  the  Corps  assist  in  construction  super¬ 
vision  of  facilities  developed. 

Only  sixty-six  percent  of  the  major  discharges  by 
Federal  facilities  achieved  compliance  with  secondary  treatment 


requirements  by  the  July  1,  1977  deadline.  The  Administration 
has  provided  $484  million  to  assist  in  achieving  compliance; 
plus  an  Executive  Order  requiring  that  Federal  installations 
meet  applicable  Federal,  state  and  local  environmental  require¬ 
ments. 
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A  recent  estimate  of  the  total  input  of  petroleum 

hydrocarbons  to  the  oceans  is  approximately  6  million  tons 

annually.  About  2  million  tons  of  this  total  is  attributable 

to  transportation  of  petroleum  by  the  sea.  This  contribution 

3  8 

has  been  predicted  to  increase  to  6  million  tons  by  1980. 

The  remainder  is  defined  by:  offshore  oil  production  1.08); 

coastal  oil  refineries  (.2);  industrial  waste  (.3);  municipal 

wastes  (.3);  urban  runoff  (.3);  river  runoff  (1.6);  natural 

seepage  (.6);  and  atmospheric  depositions  (.6).  The  numbers 

in  parenthesis  are  the  annual  estimated  quantity  in  millions 

of  metric  tons.  Regardless  of  the  sources,  the  volume  is 

large  and  is  expected  to  increase  at  a  4  percent  annual  rate.^ 

At  the  International  Conference  on  Tanker  Safety  and 

Pollution  Prevention  in  February  1978,  new  standards  for 

tanker  design  and  operating  procedures  were  adopted  by  members. 

The  U.  S.  Coast  Guard  has  announced  a  schedule  for  implementing 

these  new  international  standards  for  new  ships  by  1979  and 
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by  1981  to  1985  for  existing  ships. 

The  new  standards  establish  the  necessity  of  segregated 
ballast  and  crude  oil  washing  to  prevent  operational  discharges 
from  tankers.  Segregated  ballast  eliminates  oil  discharges  in 
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that  ballast  water  is  carried  in  separate  tanks.  Combined, 
these  procedures  are  expected  to  eliminate  the  1.3  million 
metric  tons  per  year  of  hydrocarbon  discharges  from  tankers. 

Other  requirements  from  the  conference  include:  dual  radars 
and  redundant  steering  controls  on  new  and  existing  tankers; 
a  recommendation  that  automatic  collision  avoidance  aids  be 
made  mandatory;  and  improved  inspection  and  certification 
standards. 

The  United  States  has  not  yet  ratified  the  1978  IMCO 
Conventions  and  Amendments.  The  M.  S.  Coast  Guard  is  imple¬ 
menting  similar  provisions  under  the  Ports  and  Waterways  Act 
of  1972.  Implementation  involves  boarding  and  examining  each 
tanker  entering  IJ .  S.  waters  at  least  once  a  year,  noting 
deficiencies  in  a  permanent  record  for  each  vessel.  The  record 
also  includes  accidents  and  pollution  incidents. 

Technology  is  not  considered  a  barrier  to  pollution 
control.  Prime  barriers  appear  to  be  financial  and  institutional 
Financial  problems  were  encountered  when  municipal  construction 
grant  funds  were  impounded.  The  Clean  Water  Act  extended 
the  time-frame  for  obtaining  such  funding  and  increased  the 
level  of  funding  available.  Solving  the  financial  problems 
through  federal  funding  induces  institutional  problems.  For 
example,  39  states  are  authorized  by  the  EPA  to  issue  and 
enforce  the  NPDES  program.  This  authority  requires  additional 


staffing  to  administer  permits  and  to  perform  the  necessary 
monitoring  required  for  enforcement.  The  acquisition  and 
training  of  qualified  technical  staff  remains  a  problem. 

Enforcement  of  industry  standards  is  a  problem. 

EPA  and  the  States  have  few  resources  to  devote  to  industry 
enforcement.  EPA  and  the  States  monitor  primarily  by  re¬ 
quiring  dischargers  to  sample  effluent  and  report  the  results; 
regular  inspections,  at  least  of  major  dischargers,  supplement 
this  self-monitoring  program.  A  report  several  years  ago  for 
the  National  Commission  on  Water  Quality  concluded  that  self¬ 
monitoring  reports  were  unusable.  A  1978  report  by  EPA  confirms 
that  the  problem  remains  a  serious  one;  99  percent  of  106  sources 
whose  self -monitoring  programs  were  analysed  had  deficiencies 
which  could  result  in  unreliable  results.  The  deficiencies  in¬ 
cluded  improper  flow  monitoring,  poor  sampling  techniques,  and 
inadequate  quality  control  in  analysis.  Inspect ion  programs 
are  apparently  not  improving  industrial  monitoring. 

Institutional  and  financial  problems  dominate  for  the 
control  of  non-point  and  point  sources  of  pollution.  For 
example,  the  slow  progress  of  the  Section  208  program  continues. 
The  program  has  been  difficult  to  implement  because  of  funding 
impoundments,  lack  of  data  on  non-point  source  pollution,  and 
the  slow  development  of  economical  control  techniques.  The 
dominant  problem  appears  to  be  an  institutional  one,  however. 


Solutions  to  complex  local  and  regional  water  quality  management 
problems  will  ultimately  he  devised  locally  and  regionally.  Yet 
the  incentives  for  local  governments  to  develop  and  implement 
effective  water  quality  management  programs  are  limited  and 
often  are  overshadowed  by  the  availability  of  federal  construction 
grants  and  statutory  compliance  deadlines  for  point  sources. 

Additional  concern  is  growing  that  small  towns  may 
not  be  able  to  afford  the  operating  costs  of  facilities  being 
constructed  with  federal  grants.  An  EPA  survey  of  258  facility 
plans  for  communities  with  populations  under  50,000  revealed 
that  the  total  costs  of  the  planned  systems  would  exceed  $100 
per  year  for  homeowners  in  40  percent  of  the  towns  and  over 
$200  per  year  for  homeowners  in  10  percent  of  the  towns.  For 
residents  of  communities  with  fewer  than  10,000  people,  pro¬ 
jected  annual  costs  approach  $300  and  sometimes  more  per  house¬ 
hold.  The  problem  is  made  more  acute  by  the  fact  that  many 
small  town  homeowners  have  incomes  well  below  the  national 
median.  The  changes  in  the  1977  Amendments  and  in  EPA  policy 
discussed  earlier  encourage  facility  planners  to  consider  more 
cost-effective  alternatives. 

A  related  problem  is  the  availability  of  trained 
people,  or  of  programs  to  effectively  train  people  to  operate 
and  maintain  municipal  facilities.  EPA  surveys  of  operating 
treatment  plants  conducted  in  1976  and  1977  reveal  serious 
problems  of  operation  and  maintenance.  Of  the  plants  in  the 


sample  with  adequate  operating  data,  less  than  one-half  were 
achieving  design  performance  in  removing  suspended  solids.  Fifty- 
five  percent  were  meeting  design  criteria  in  ROD  removal.  Poor 
O&M  has  proved  to  be  a  stubborn  problem.  Surveys  have  shown  no 
substantial  improvement  in  performance  efficiency  of  waste 
water  treatment  facilities  over  the  past  several  years.  A 
survey  of  30  treatment  plants  showed  that  poor  understanding  by 
operators  of  waste  water  treatment  concepts  and  improper  applic¬ 
ation  of  these  principles  to  plant  operations  were  the  two  most 
frequent  factors  contributing  to  poor  plant  performance. 

The  adoption  of  pollution  controls  to  achieve  legis¬ 
lative  requirements  is  a  certainty.  Standards  and  limitations 
reflect  controls  available.  Court  cases  involving  civil 
liabilities  and  consent  decrees  ensure  adoption. 

Solid  Waste  Disposal 

Tradi ti onal ly ,  solid  wastes  have  been  disposed  on 

land.  Earliest  wastes  were  associated  with  human  sewage. 

For  example,  in  England,  the  first  Royal  Commission  on  Sewage 

Disposal  (1857-1865)  concluded  that  "The  right  way  to  dispose 
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of  town  sewage  is  to  apply  it  continuously  to  land". 

Sewage  treatment  plants  in  England  are  called  sewage  farms. 

The  practice  of  disposal  on  land  continued  (with  some 
disposal  into  the  oceans)  through  the  mid  1960's.  Even  today 
50  to  75  percent  of  all  solid  wastes  are  disposed  on  land, 
either  in  sanitary  landfills,  land  spreading,  or  "convenient 
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areas".  Prior  to  the  mid  1960's,  responsibility  for  regulating 
waste  disposal  was  primarily  a  state  and  local  function.  Local 
and  state  regulations  were  prompted  due  to  concern  over  the 
public  health  aspects  of  waste.  As  the  level  of  public  health 
increased,  most  known  infectious  diseases  were  brought  under 
control  and  little  attention  was  then  given  to  solid  waste 
management. 

Puring  the  1960's,  awareness  of  our  environment  spurred 
interest  in  controlling  pollution.  In  1965,  Congress  enacted 
the  Solid  Waste  Disposal  Act.  This  legislation  established 
state  and  local  planning  for  waste  management.  Awareness  of 
waste  as  a  possible  resource  for  recycling  or  for  energy  pro¬ 
duction  led  Congress  to  enact  the  Resource  Recovery  Act  in  1^70. 
This  law  established  research  and  demonstration  grants  for 
state  and  local  disposal  assessments.  In  1976  Congress  enacted 
the  Resource  Conservation  and  Recovery  Act.  This  far-reaching 
legislation  will,  through  regulations,  establish  and  enforce 
a  cradle-to-grave  management/responsibility  for  solid  and 
hazardous  waste  disposal.  The  Act  prohibits  the  open  dumping 
of  solid  wastes  and  specifies  requirements  with  which  sanitarv 
landfills  must  comply  in  order  to  be  operated. 

Prior  to  1960,  some  solid  wastes  were  disposed  by 
incineration,  with  residue  or  ash  deposits  disposed  in  landfills. 
Other  solid  wastes  were  discharged  directly  to  waterways  in¬ 
cluding  the  oceans.  The  Clean  Air  Act  of  1970  effectively  ended 
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incineration  practices.  The  Federal  Water  Pollution  Control 
Act  Amendments  of  1972  ended  indiscriminate  dumping  of  wastes 
into  waterways.  The  Clean  Water  Act  Amendments  of  1975,  to 
the  1972  Act,  plus  further  modifications  by  Congress  in  1977 
extended  jurisdiction  over  waste  disposal  in  waterways  to 
include  toxic  and  hazardous  substances. 

Today,  the  Clean  Water  Act,  the  Clean  Air  Act,  the 
Resource  Conservation  and  Recovery  Act,  together  with  the  Safe 
Prinking  Water  Act,  the  Underground  Injection  Control  Act,  and 
the  Toxic  Substances  Control  Act  a  1 1  govern  waste  disposal. 
Proposed  regulations  to  each  Act,  plus  the  EPA  proposed  con¬ 
solidated  permit  process^  will,  when  promulgated,  provide  for 
regulation  of  waste  disposal  from  product  conception  through 
waste  generation  and  disposal,  including  liability  and  responsi¬ 
bility  to  the  producer,  for  all  effects  that  may  occur  from 
that  product  over  all  time. 

Solid  waste  is  produced  by  industry,  residential 
and  commercial  sources  and  wastewater  treatment.  Industry 
wastes  generated  in  1977  were  approximately  344  million  metric 
tons;  increasing  at  a  rate  of  3  percent  per  year.  Wastes 
generated  by  residential  and  commercial  sources  in  1977  were 
approximately  130  million  metric  tons;  also  increasing  at  a 
rate  over  3  percent  per  year.  Sludges  from  wastewater  treatment 
comprise  approximately  5  million  metric  tons  per  year  in  1977. 
This  quantity  is  expected  to  double  by  1985  due  to  upgrading  of 
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municipal  wastewater  treatment  facilities  to  comply  with  federal 
guidelines  and  timetables.  These  data  are  summarized  in  Table 
5-6  . 


TABLE  5-6:  Summary  of  Solid  Waste  Quantities 
(Millions  of  Metric  Tons--Dry) 


Source 

1977 

1  985 

Indus  try 

344* 

434 

Residential  & 

Comme  rc i a  1 

1  30 

180 

Sludges 

5 

10 

Total 

47  9 

624 

*10-15  percent  of  this 

volume  ma  / 

be  classified  as 

hazardous . 


A  report  by  EPA  in  1977  identified  over  20,000 

general  sites  for  refuse  disposal,  23,000  sludge  disposal  sites 

and  more  than  100,000  surface  impoundments  for  industrial 
44 

wastes.  In  the  past  few  years  numerous  instances  of  degrad¬ 
ation  of  surface  and  ground  waters  as  a  direct  result  of  waste 
disposal  have  been  documented.  For  example,  43  of  50  sites 

sampled  by  EPA  in  1977  showed  migration  of  heavy  metals  and/or 

4  5 

organic  compounds  into  groundwater.  At  26  sites,  water  from 
monitoring  wells  exceeded  EPA  limits  for  drinking  water. 

The  feasibility  of  continuing  standard  practice  of 
waste  disposal  is  nonexistent.  The  practices  of  open  dumping. 
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open  burning  and  incineration,  indiscriminate  discarding  into 
oceans  and  waterways  have  all  been  prohibited  or  severely 
restricted  by  federal  law  and  by  state  programs.  Disposal 
into  landfills  has  been  constrained:  in  many  urban  areas, 
sufficient  space  does  not  exist;  new  design  criteria  for  land¬ 
fills  obviate  the  expansion  of  existing  sites;  and  public 
attitudes  regarding  "other  people's"  waste  makes  waste  transfer 
di f f i cult. 

Considerable  efforts  today  are  being  directed  to 
identify  environmentally  acceptable  ways  to  dispose  of  wastes. 
Awareness  of  the  fragile  nature  of  U.  S.  energy  supplies  and 
other  resources  has  spurred  interest  in  resource  recovery, 
including  energy  production  and  mi nera 1 s /meta 1 s  recycling. 

Public  relation  campaigns,  and  in  several  communities,  local 
ordinances,  have  achieved  a  degree  of  recycling  through  cash 
deposits  for  "returnable"  items  or  through  making  available 
convenient  locations  for  depositing  segregated  waste  (e.g., 
bottles,  cans,  and  newsprint).  The  rate  of  resource  recovery 
is  now  about  7  percent.  It  has  been  estimated  that  this  amount 
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could  be  tripled  through  the  source  separation  mentioned  above. 

Solid  wastes  used  to  be  dumped  in  the  oceans.  The 
U.  S.  Coast  Guard  has  responsibility  for  enforcement  and  moni¬ 
toring  of  ocean  dumping.  The  Marine  Protection,  Research,  and 
Sanctuaries  Act  prohibits  the  EPA  from  issuing  permits  for  the 
dumping  of  sewage  sludge  into  ocean  waters  after  1981.  The  U.  S. 
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Coast  Guard  is  given  responsibility  under  the  Act  to  ensure 
that  ocean  dumping  occurs  under  a  valid  permit  and  at  the  location 
and  in  the  manner  specified  by  the  permit.  In  1977  this  enforce¬ 
ment  involved  reporting  of  35  cases  involving  226  alleged  viola¬ 
tions  of  dumping  permits,  which  comprised  126  dumpings  at  an 
improper  disposal  rate  and  77  for  failure  to  provide  proper 
notification.  Also  during  this  time,  ocean  dumping  dropped  12 
percent  from  1976  levels  (excluding  dredged  material).  Most 
material  dumped  was  sewage  sludge  (70  percent).  Industrial  waste 
dumping  decreased  by  over  65  percent.  Almost  all  ocean  dumping 
has  been  phased  out  of  the  Gulf  of  Mexico  and  waste  disposal 
in  ocean  waters  of  the  North  Atlantic  (Northeast  and  Mid-Atlantic) 
and  Pacific  (Northwest)  is  being  phased  out. 

West  Coast  municipalities  have,  however,  argued  that 
ocean  disposal  of  sewage  sludge  is  a  viable  alternative,  pointing 
out  that  such  wastes  are  rapidly  aerated  and  dispersed  by  strong 
currents  and  tidal  action.  EPA  has  established  a  modified  permit 
program  wherein  both  the  level  of  treatment  and  sludge  disposal 
into  deep  ocean  waters  may  be  negotiated.  The  results  of  such 
negotiations  could  be  a  five-year  permit  available  only  to 
existing  dischargers. 

This  program  might  require  U.S.  Coast  Guard  permit 
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en for cement  in  collaboration  with  the  U.S.  Environmental  Protec¬ 
tion  Agency,  and  perhaps  with  the  cooperation  of  industry.  The 
Coast  Guard  can  take  direct  action  in  matters  of  international 
or  interstate  concern  that  are  beyond  the  capabilities  of  the 
other  involved  agencies. 

Implementation  of  such  actions  could  involve  some 
organizational  elements  of  the  Coast  Guard  and  require  close  coordi¬ 
nation  with  other  governmental  agencies,  industries,  and  munici¬ 
palities  involved,  and  awareness  of  and  adherence  to  related 
environmental  regulations.  Related  operations  such  as  surveillance 
detection,  and  response,  could  affect  the  nature  and  development 
of  the  Coast  Guard's  platform,  manpower,  and  training  requirements. 

The  barriers  to  waste  disposal  are  environmental, 
economic,  financial,  technological  and  institutional.  Environ¬ 
mental  barriers  span  attitudes  through  impacts.  Public  attitudes 
regarding  waste  disposal  are  well  known.  The  visibility  of  a 
landfill  site  coupled  with  vehicular  traffic  and  noise  all 
combine  to  make  siting  difficult.  Impacts  to  waters,  including 
contamination  of  drinking  water  supplies,  from  improperly 
disposed  wastes  are  the  prime  potential  behind  recent  legislation. 
Compliance  with  all  governing  laws  and  regulations,  together 
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with  the  public  hearing  process  will  make  waste  disposal  as 
environmentally  compatible  as  practicable,  but  at  a  much 
higher  cost  than  previously  paid. 

The  costs  of  compliance  with  new  regulations  are 
unknown.  Traditionally,  waste  disposal  has  involved  collec¬ 
tion,  transport  and  disposal  charges.  Collection  and  transport 
has  been  by  private  or  public  personnel  with  costs  to  homeowners 
or  industry  governed  by  authority  granted  by  local  government. 
Disposal  costs  are  assessed  to  users  of  the  disposal  facility. 
These  costs  are  to  cover  the  capital  investment  required  to 
establish  the  disposal  facility  plus  O&M.  These  costs  will 
certainly  increase  to  cover  the  design  and  operating  features 
required  by  the  Resource  Conservation  and  Recovery  Act. 

Energy  or  resource  recovery  from  wastes  is  not  yet 
cost  effective.  These  forms  of  disposal  require  the  collection 
and  transport  costs  of  landfill  disposal.  Additional  costs 
include  waste  processing  for  recovery.  Processing  can  include 
mechanical  classification  and  separation,  shredding  or  mixing. 
Frequently,  the  processing  costs  exceed  the  costs  of  collection 
and  transport.  Capital  costs  for  large-scale  recoveries  have 
been  higher  than  landfills.  The  new  requirements  for  the  siting, 
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design,  operation  and  closure  of  landfills  will  make  recovery 
equipment  more  attractive. 

A  technological  problem  common  to  all  recovery  options 
is  waste  processing.  Equipment  to  dry,  shred  or  otherwise 
process  waste  for  recovery  is  either  lacking  or  limited.  For 
example,  shredders  used  for  domestic  waste  will  not  accommodate 
waste  tires.  A  major  technology  problem  is  that  no  landfills 
consistent  with  proposed  EPA  criteria  have  been  constructed. 
Large-scale  technology  for  leachate  capture  and  treatment  must 
be  developed.  Monitoring  equipment  for  on-line  measurements  or 
for  many  organic  compounds  is  limited. 

Institutional  barriers  focus  on  the  dilemma  of 
(1)  local  efforts  to  ban  the  disposal  of  wastes  within  municipal 
borders  and  (2)  the  pressure  on  states  to  open  up  new  land fill 
sites.  Waste  disposal  began  as  a  local  problem  which  has 
spread  through  state  and  federal  legislation.  Federal  regula¬ 
tions  place  requirements  on  states  in  order  to  receive  funding 
(e.g.,  permit  authority).  Numerous  states  have  enacted  programs 
for  granting  permits  for  an  applicant  to  build  and  operate  a 
landfill  in  a  municipality.  The  municipality  may  through  zoning 
or  local  permits  try  to  deny  the  project.  Typically,  the  state 
permit  program  will  preempt  local  control.  It  has  been  suggested 
that  these  battles  between  state  and  local  control  will  escalate 
over  the  next  several  years. 
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Proposed  regulations  to  various  parts  of  the  Resource 
Conservation  and  Recovery  Act  are,  by  court  order,  to  be  effec¬ 
tive  in  the  spring  of  1980.  Changing  economics  associated  with 
energy  and  mineral  resources  will,  with  federal  assistance, 
spur  research,  development  and  demonstration  in  these  areas. 

EPA  and  DOE  grants  are  already  in  progress.  Present  planning 
for  municipal  wastewater  treatment  facilities  includes  require¬ 
ments  for  investigating  sludge  processing  and  disposal. 

The  largest  source  of  solid  waste  is  industry  (over 
70  percent--see  Table  4-6).  Literature  regarding  industry 
advancements  in  waste  disposal  is  sparse.  A  measure  of  industry 
reaction  is  found  in  the  fact  that  EPA  regulations  to  RCRA, 
proposed  in  1977  and  1978,  have  yet  to  be  promulgated.  Industry 
comments  to  the  proposed  regulations  are  being  factored  into 
EPA  regulations. 

The  annual  increases  in  waste  generatedcoupl ed  with 
the  rising  costs  of  land  for  disposal  sites,  and  with  new  design 
and  operating  requirements, wi 1 1  change  current  patterns  of 
disposal.  A  precise  schedule  for  this  change  is  unknown. 
Emphasis  on  pollution  controls,  including  the  schedule  for 
implementation  of  more  stringent  water  quality  requirements 
by  1984,  and  toxic  substances  by  that  same  year,  will  drive 
changes  in  waste  disposal. 

The  limited  number  of  facilities  for  processing  or 
recovering  waste  will  limit  options.  The  financial  barriers 
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of  capitalization  and  markets  will  have  to  be  overcome,  perhaps 
through  a  federal  program  of  incentives  and  guarantees.  Pollu¬ 
tion  control  legislation  and  energy  requirements  will  continue 
over  the  next  10  years  to  produce  such  changes.  Further  advance¬ 
ments  in  energy  recovery  seem  assured,  due  to  the  existing  DOE 
loan  guarantee  program  and  to  the  proposed  EPA  grants  to  cities 
for  planning  and  development. 

The  emphasis  in  waste  disposal  will  shift,  in  the  next 
several  years,  from  the  federal  level  to  the  state  level.  In 
this  time,  federal  criteria  and  guidelines  for  local  programs 
will  be  completed,  and  sufficient  data  will  have  been  assembled 
to  permit  local  problem  solutions. 

POWER  GENERATION 


Power  generation  was  investigated  in  terms  of  power 
plants  and  hydropower.  Power  plants  included  conventional 
fossil  plants  as  well  as  nuclear  and  alternate  sources.  General 
findings  are  as  follows: 

•  The  demand  for  electrical  energy  increases 
while  debates  over  sources  of  energy  to 
produce  electricity  continue.  Synthetic* 
fuels  will  increase  water  demand  problems. 
Demonstration  scale  OTEC  plants  are  probable. 

Federal  directives  and  incentives  will  be 
structured  to  spur  commercialization  of 
synthetic  fuels  and  to  develop  alternate 
energy  sources 

e  The  increasing  use  of  agriculture  as  a 
"weapon"  in  the  energy  area  cannot  be 
denied.  Crop  productions  are  stabilizing. 

Prairie  farmland  is  being  "lost"  to  urban 
development.  Energy  production  competes 
with  agriculture  for  available  water  in 
the  west 
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•  Hydroelectric  generation  probably  will  not 

expand  much  beyond  present  capacities  unless 
a  major  shift  occurs  in  U.S.  energy  policy. 

Studies  to  be  completed  in  1981  could  influ¬ 
ence  national  policy  in  this  area. 

Power  Plants 

Over  the  past  25  years,  electrical  energy  production 
has  increased  at  an  annual  rate  of  7  percent.  The  only  excep¬ 
tion  to  this  growth  rate  was  a  period  of  lower  growth  during 
the  energy  crisis  and  economic  recession  of  1973  which  continued 
through  1975.  During  this  period,  the  growth  rate  in  electricity 
demand  ranged  from  less  than  1  percent  to  almost  2  percent.  By 
1976,  the  rate  of  growth  in  energy  consumption  increased  to  6.2 
percent.  Precise  trends  cannot  presently  be  determined.  Addi¬ 
tional  time  is  needed  to  see  a  definite  trend  as  well  as  to 
study  the  impact  of  a  national  energy  plan  via  voluntary  and 
compulsory  conservation  measures. 

Table  5-7  provides  an  estimate  of  future  demand  and 
supply  of  energy  and  electric  generating  requirements,  by  fuel 
source.  Table  5-8  is  a  scenario  of  electrical  energy  demand, 
by  sector,  to  the  year  1995.  Both  tables  indicate  increasing 
demand . 

The  degree  to  which  future  electrification  in  the 
industrial,  commercial,  residential  and  transportation  sectors 
will  reduce  demand  for  petroleum  products  is  of  national  concern. 
The  electrification  question  may  require  stronger  federal  emphasis 
on  expanding  coal  and  nuclear  energy  programs. 
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TABLE  5-8:  Forecast  Electric  Energy  Demand 
by  Consuming  Sector:  1977  -  1995 
(Gigawatt-Hours) 


YEAR  RESIDENTIAL 

COMMERCIAL 

INDUSTRIAL 

TRANSPORTATION 

TOTAL 

1977 

681  ,890 

497,700 

680,890 

104,550 

1  ,965,430 

1978 

725,1 30 

530,040 

730,840 

108,550 

2,094,910 

1979 

771  ,110 

564,41  0 

784,450 

112,690 

2 ,232,91 0 

1980 

820,000 

601 ,000 

842,000 

117,000 

2,380,000 

1  981 

854,730 

638,120 

884,490 

123,290 

2,500,880 

1982 

890,930 

677,540 

929 ,120 

129,910 

2  ,627 ,900 

1983 

928,670 

719,390 

976,01  0 

136,890 

2,761  ,370 

1984 

968,000 

763,820 

1 

,025,260 

144  ,250 

2,901  ,630 

1985 

1  ,009,000 

81 1 ,000 

1 

,077,000 

1  52,000 

3,049,000 

1986 

1  ,039,500 

849,220 

1 

,124,430 

158,940 

3,172,400 

1987 

1  ,070,920 

889,250 

1 

,173,960 

166,190 

3,300,790 

1988 

1  ,1  03,290 

931 ,160 

1 

,225 ,660 

173,780 

3,434,380 

1  989 

1  ,1  36,640 

975  ,050 

1 

,279,640 

181 ,710 

3,573,330 

1  990 

1,171  ,000 

1 

,021 ,000 

1 

,336 ,000 

1 90,000 

3,718,000 

1  991 

1  ,206,400 

1 

,069,120 

1 

,394,840 

198,670 

3,868,470 

1992 

1  ,242,860 

1 

,119,510 

1 

,456,270 

207,740 

4,025,040 

1  993 

1  ,280,430 

1 

,1  72  ,270 

1 

,520,410 

217,220 

4,1  87 ,940 

1994 

1 ,31 9,1 40 

1 

,227,520 

1 

,587,370 

227,1  30 

4,357,440 

1  995 

1  ,359,01  0 

1 

,285,380 

1 

,657 ,290 

237,500 

4,533,790 
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Water  is  essential  to  energy  development  and  production- 
to  extract  materials  from  the  earth,  to  process  raw  materials 
into  usable  fuels,  to  convert  fuels  into  more  usable  forms  of 
energy  and  to  dispose  of  wastes  from  energy  production.  Water 
is  also  used  directly  for  hydroelectric  generation,  for  trans¬ 
portation  of  basic  resources  and  fuels,  and  for  dissipation  of 
waste  heat.  Water  is  the  working  fluid  of  steam  electric  power 
producti on . 

In  1975  steam  electric  power  accounted  for  94  percent 
of  all  water  withdrawals  for  energy  production,  and  26  percent 
of  total  U.S.  fresh  water  withdrawals.  The  consumption  of  water 
for  steam  power  generation  is,  however,  only  2  percent  of  the 
fresh  water  withdrawn. 

The  two  principal  methods  of  electric  power  generation 
in  the  United  States  are  the  conversion  of  heat  energy  to  elec¬ 
tricity  by  steam  electric  power  plants  (about  85  percent  of  the 
total  national  generation)  and  the  conversion  of  potential 
energy  to  kinetic  energy  by  hydropower  (about  15  percent  of  the 
total  national  generation). 

Water  withdrawals  to  meet  future  energy  demand  will 
depend  mainly  on  the  composition  of  fuels  and  conversion  methods 
used.  For  example,  mining  of  coal  requires  less  than  1  gallon 
of  water  per  million  British  thermal  units  (Btu's),  whereas 
extraction  of  oil  and  gas  requires  3  gallons  of  water  per  million 
Btu.  For  processing,  oil  refineries  need  about  7.6  gallons  of 
water  per  million  Btu's,  gas  processing  plants  use  about  1.7 
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gallons  of  water  per  million  Btu's  and  nuclear  fuel  mining 
and  processing  require  about  14  gallons  of  water  per  million 
Btu's.  Thus,  high  use  levels  of  nuclear  sources  of  energy 
will  result  in  higher  withdrawals  and  consumption  of  water 
relative  to  the  energy  produced.  Water  requirements  for  energy 
production  are  summarized  in  Table  5-9. 

In  the  year  2000,  the  average  year  withdrawals  of 
water  for  electric  generation  are  estimated  at  62.4  BGD  (80 
percent)  for  nuclear  plants  and  at  15.9  BGD  (20  percent)  for 
fossil  plants.  At  that  time  electric  energy  production  is 
estimated  to  be  by  a  combination  of  65  percent  nuclear  and  32 
percent  fossil  fuels.  These  water  requirements  are  summarized 
in  Table  5-10. 

Greater  dependence  on  fossil  and  other  fuel  sources, 
except  geothermal,  would  reduce  water  withdrawals.  Moreover, 
the  shortage  of  clean  fossil  fuels  together  with  problems  of 
synthetic  fuels  and  alternative  energy  source  technology  could 
indicate  that  nuclear  power  production  will  increase  exponen¬ 
tially  in  the  next  twenty-five  years.  However,  the, amount  of 
water  required  by  these  power  plants,  plus  the  safety  of  nuclear 
facilities  and  their  waste  disposal  problems,  imply  the  contrary. 
The  Federal  Power  Commission  has  estimated  that  by  1990,  with¬ 
drawals  of  water  for  condenser  cooling  may  be  approximately 

one-sixth  of  the  total  average  flow  of  all  the  rivers  in  the 

49 

contiguous  United  States.  While  such  statements  do  not 
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Requirements  for  Energy  Production 
pe  of  Fuel  and  Process 


dard  Cubic  Feet 


S- 

cn 

03 

s- 

QJ 

QJ 

>i  >- 

C 

-C 

LjJ 

QJ 

c 

cn 

r~ 

o 

03 

03 

•f— 

4-> 

■M 

QJ 

O 

03 

> 

h- 

S- 

C 

QJ 

•» _ - 

S- 

C 

o 

QJ 

o 

4- 

<S 

o 

c 

tO 

S- 

CVJ 

1 — 

QJ 

03 

•* 

5 

O 

LO 

03 

Q_ 

CC 

£- 

cr 

XJ 

U 

i — 

_cr 

•r— 

-+-> 

•* 

•r- 

■M 

LO 

<_J 

r- 

QJ 

cn 

» — 

i — 

QJ 

LU 

-♦-> 

03  X' 

•  • 

3 

C 

i — 

03 

QJ 

4— 

3 

O 

C 

U_ 

o 

i/i 

•r— 

4- 

QJ 

4-> 

O 

-4-> 

o_ 

03 

E 

QJ 

E 

3 

U 

•r— 

1/3 

s- 

+-> 

C 

3 

to 

o 

o 

UJ 

o 

oo 

cc 

c 


pinpoint  specific  problem  areas,  they  do  serve  to  indicate  the 
magnitude  of  energy  production  problems  on  a  water  basis. 

Coal  is  frequently  cited  as  an  alternative  feedstock 
for  power  production  and  its  use  is  likely  to  increase  in  the 
near  term  (to  1985).  At  present,  two-thirds  of  coal  produced 
is  converted  to  electric  power.  Increase  of  this  usage  involves 
technological  (mining  and  processing)  and  environmental  (air 
emissions)  problems.  Moreover,  shortness  in  supply  of  water 
in  many  areas  of  high  coal  availability  (e.g.,  the  High  Plains) 
and  the  increasing  requirements  that  clean  water  only  be  released 
from  industrial  plants  are  among  the  additional  obstacles  to 
establishing  new  power  plants. 

Among  the  alternatives  to  power  production,  ocean 
thermal  power  plants  (OTEC)  are  of  interest.  These  plants 
capture  the  sun's  warmth  in  ocean  surfaces  and  utilize  the 
temperature  differences  of  surface  and  subsurface  waters  to 
generate  electricity.  Warm  sea  water  from  the  ocean  surface 
and  cold  deep  water  below  are  pumped  through  a  heat  exchanger 
that  employs  a  working  fluid,  such  as  ammonia,  propane  or  freon 
in  a  classical  cold  cycle.  The  warm  water  vaporizes  the  working 
fluid  which  is  expanded  through  a  turbine.  The  electricity 
generated  can  be  transmitted  via  cable  from  the  offshore  plant 
to  shore  and  intearated  with  an  existing  energy  grid.  Alter¬ 
natively,  it  can  be  used  on-site  for  processes  such  as  uranium 
enrichment  or  hydrogen  production.  It  is  unlikely  that  OTEC 
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plants  will  provide  a  substantial  portion  of  total  electricity 
demand  by  the  year  2000. 


Factors  that  are  major  in  determining  the  development 
of  power  plants  include:  envi ronmental  ,  economic,  social,  legal, 
health  and  land  use  issues.  The  design,  location,  construction 
and  operation  of  electrical  power  generation  facilities  are 
affected  by  concerns  for  the  environment.  Specific  issues  are 
particulate  emissions  and  gaseous  pollutants,  and  thermal  and 
solid  waste  pollution.  The  use  of  coal  and  shale  to  produce 
synthetic  oil  and  gas  increases  environmental  risks  due  to  the 
presence  of  toxic  trace  metals  and  organic  carcinogens  inherent 
in  minerals  processing. 

Drift  deposits  from  cooling  towers  transport  various 
types  of  chemical  compounds.  Salt  deposits  can  damage  surrounding 
areas  and  adversely  affect  the  soil  properties.  Chlorine  content 
of  the  ground  waters  may  be  increased.  Water  impacts  include 
thermal  pollution,  chemical  toxicity,  entrainment  and  entrapment 
of  aquatic  organisms,  and  dissolved  oxygen  depletion.  The  dis¬ 
persion  of  thermal  discharges  can  produce  lasting  effects  on 
50 

aquatic  life. 

The  use  of  all  fossil  fuels,  including  coal-based 

synthetic  fuels,  increases  the  carbon  dioxide  content  of  the 

atmosphere.  Increased  carbon  dioxide  emission  can  produce  a 

"greenhouse  effect"--the  trapping  of  outgoing  infrared  radiation 

from  the  earth's  surface.  Impacts  of  radi oacti vi ty  from  nuclear 

51 

power  plants  have  been  well  documented. 


OTEC  plants  would  operate  within  the  U.S.  territorial 
sea  and  would,  therefore,  be  subject  to  federal  regulations 
regarding  plant  discharges.  Accidental  discharge  of  various 
working  fluids  could  pose  unique  problems.  The  erection  of 
ocean-based  structures  would  have  to  be  sited  to  minimize 
hazards  to  navigation  as  well  as  commercial  fishing.  Additional 
impacts  would  result  from  laying  cables  for  electricity  dis¬ 
tribution  to  shoreside  facilities. 

Utility  financing  because  of  the  heavy  costs  and 
future  uncertainties  involved  is  a  most  difficult  issue  to 
assess.  The  future  price  of  fuel  for  generating  electricity 
cannot  be  determined  with  any  degree  of  accuracy  and  this  factor 
alone  could  determine  the  feasibility  of  future  power  plants. 

Special  incentives  are  presently  being  considered  to 
spur  the  development  of  commerc i a  1  -  sea  1 e  alternative  energy 
sources  and  synthetic  fuels.  The  proposed  Energy  Securities 
Commission  and  Energy  Mobilization  Board,  plus  numerous  demon¬ 
stration  grants  available  through  DOE  are  examples.  Regulatory 
requirements  and  environmental  factors  have  been  translated  into 
project  delays,  affecting  overall  energy  project  financing. 

Some  form  of  government  intervention,  either  to  stabilize 
regulatory/environmental  requirements  or  to  guarantee  prices, 
will  be  requi red . 

Both  the  physical  construction  of  the  plant  and  the 
changing  social  structure  affect  land  use  patterns.  Agricul¬ 
tural  land  is  converted  to  residential  property.  Urban  oriented 
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community  development  projects  are  initiated  in  rural  areas. 
Zoning  structures  change.  Building  permit  and  code  enforcements 
deviate  under  pressures  for  new  construction. 

Land  use  conflicts  are  especially  acute  in  coastal 
zone  areas  and  along  rivers  as  power  plants  compete  with  other 
industrial  developments.  The  competition  for  water  rights  is 
even  more  critical,  especially  in  the  West.  In  this  region  of 
the  country  it  is  not  unusual  for  a  utility  to  purchase  large 
tracts  of  agricultural  land  in  order  that  the  water  rights 
associated  with  the  land  might  be  gained.  The  water,  once  used 
for  irrigation,  is  used  for  cooling.  The  land,  once  tilled,  is 
left  fallow. 

A  recent  study  has  set  forth  several  recommendations 
to  improve  investigation  and  mitigation  of  impacts  in  the  socio¬ 
logical  area.  First,  the  community's  ability  to  manage  expected 
impacts  should  be  established.  Second,  the  community  should 
develop  a  plan  for  meeting  the  impacts  of  the  new  power  plant. 
Third,  the  state  should  interact  with  the  community  by  providing 
resource  support  where  needed.  Finally,  joint  state/local 
planning  should  be  initiated  to  facilitate  a  response  to  new 
unexpected  impacts  unique  to  the  community.  With  such  an 
approach,  social  Impacts  associated  with  power  plant  siting  can 
be  mi tlgated. 

General izations  on  the  sources  and  the  nature  of 
delays  in  the  licensing  process  of  nuclear  and  fossil  plants 
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are  difficult  to  make  because  of  the  site-specific  character¬ 
istics  of  each  situation.  One  cause  of  delay  is  that  most  plants 
are  custom  designed.  Increased  standardization  would  minimize 
this  delay.  Delays  in  the  licensing  process  can  also  be  attributed 
to:  (1)  the  lack  of  utility  responsiveness  to  staff  or  reviewer 

requests  for  data,  (2)  continually  changing  requirements  as  to 
the  format  for  data  submissions,  (3)  understaffed  review  agencies 
that  contribute  to  long  turn-around  times,  (4)  inordinate 
amounts  of  paperwork  that  must  be  processed,  (5)  the  complexity 
of  state  and  federal  agencies  involved  in  the  siting  process, 
and  (6)  the  recent  trend  toward  intervenor  activity. 

No  conclusive  evidence  has  been  developed  to  establish 
the  specific  causes  of  delay.  Continuing  study  in  this  area  may 
one  day  settle  upon  the  specific  mechanisms  that  create  delay 
and  lead  toward  specific  recommendations  for  a  more  effective 
and  efficient  process.  A  recent  staff  report  from  the  Office 
of  State  Programs  of  the  NPC  has  been  developed,  based  upon  the 
experience  of  that  agency,  that  presents  suggestions  for  decreasing 
delays  and  improving  the  licensing  and  regulatory  effectiveness 
in  joint  federal /s tate  siting  actions.  Such  evaluations  are 
helpful  in  creating  a  public  awareness  of  the  deficiencies  that 
must  be  addressed  as  viewed  from  the  perspective  of  a  reviewing 
agency. 

Hydropower 

Water  power  resources  or  water  wheels  have  been  in  use 
for  centuries  for  performing  mechanical  work.  In  the  United 
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States,  the  early  settlers  of  New  England  used  water  power  for 
52 

grain  milling.  The  use  of  water  power  for  industrial  processes 

began  in  the  U.S.  in  the  1880's.  The  first  substantial  water 

power  development  in  the  U.S.  was  on  the  Merrimac  River  in  Mas  s  a  - 
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chusetts  in  1882.  The  first  hydroelectric  power  development 
in  the  U.S.  was  built  in  Niagara  Falls  in  1879.  The  first 
central  hydroelectric  power  station  for  the  production  of  commer¬ 
cial  electricity  for  incandescent  lighting  was  on  the  Fox  River 
in  Appleton,  Wisconsin,  in  1882.  Subsequently,  many  new  sites 
for  electrical  power  production  were  developed.  By  1920  hydro¬ 
electric  capacity  exceeded  5000  Mw.  By  1930,  hydropower  pro- 
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vided  40  percent  of  the  nation's  electric  energy. 

By  1950,  dependence  on  hydropower  for  electric  genera¬ 
tion  began  to  decline.  By  1970,  its  share  was  less  than  15  per- 

54 

cent  of  the  nation's  generating  capability.  This  decline  was 
due  to  the  availability  and  costs  of  fossil  fuels  for  energy 
production.  The  capital  costs  for  thermal  energy  production 
were  substantially  less  than  that  for  hydropower.  While  fuel 
prices  were  stable  and  relatively  inexpensive,  hydropower  facil¬ 
ities  were  not  cost  competitive. 

The  Water  Resources  Development  Act  of  1976  and 
President  Carter's  Energy  Plan  of  1977  emphasized  the  importance 
of  hydropower.  Section  167  of  the  Act  authorized  the  U.S.  Army 
Corps  of  Engineers  to  provide  a  current  and  comprehensive  esti¬ 
mate  of  the  potential  for  incremental  or  new  generation  at 


existing  dams  and  other  water  resource  projects,  as  well  as 
for  undeveloped  sites  in  the  U.S.  This  study  (The  National 
Hydroelectric  Power  Study)  is  in  progress  and  scheduled  for 
completion  in  the  fall  of  1981. 

The  Energy  Program  of  1977  recognized  the  opportunity 
for  redeveloping  small-scale  hydropower  as  an  alternate  source 
of  energy.  Further,  the  President  directed  the  Corps  of  Engineers 
to  produce  summary  estimates  of  the  potential  at  existing  small 
dams  in  the  United  States.  Corps  of  Engineers  efforts  are  to 
include  an  investigation  of  the  hydroelectric  potential  at 
federal  installations,  as  a  component  of  their  other  water 
resource  projects. 

The  potential  of  hydropower  electric  generation  is 
being  defined  by  the  Corps  of  Engineers.  The  resource  that 
could  be  developed  is  estimated,  by  the  Corps,  to  exceed  512,000 
megawatts  of  capacity,  nationwide,  with  an  average  annual 
generating  capacity  greater  than  1,400,000  gi gawa t t-hou rs .  This 
potential  is  summarized  in  Table  5-11. 

Presently  there  are,  in  the  United  States,  over  5,400 
existing  large-scale  dams  which  could  be  expanded  for  additional 
power  production.  Full  development  of  these  existing  dams  would 
provide  an  additional  capacity  of  94,000  megawatts  with  an 
average  annual  generating  capacity  of  approximately  223,000 
gigawatt-hours.  There  are  an  additional  4,500  potentially 
feasible,  but  yet  undeveloped,  large-scale  sites.  If  fully 
developed,  these  sites  could  produce  another  354,000  megawatts 


TABLE  5-11.  Summary  of  Hydropower  Potential 


Potenti al 

No.  of 
Sites 

Installed 
Capacity 
( Megawatts ) 

Installed 
Generati on 
( Gi gawatt-Hrs 

Large-Seal e 

!  Existing 

5,400 

94,000 

223,000 

Potential 

4,500 

354  000 

935,000 

Smal 1 -Seal e 

Existing 

5,600 

5,400 

1  7,000 

Potenti al 

2  ,600 

8,000 

28,000 

Potenti al 

1 81  ,000 

461  ,400 

1  ,203,000 

Present 

Facilities 

1  ,251 

64,000 

280,000 

Total  Resource 

525,400 

1  ,483,000 

1979  Consumption 

of  Electricity 

Note:  280,000/2 

,100,000  =  13 

percent 

2  ,1  00,000 

which  is  the  present  share  of  electric 
power  provided  by  hydropower  in  the  U.S. 


with  an  average  annual  generating  capacity  of  approximately 
935,000  gigawatt-hours. 

There  are  over  5,600  small-scale  dams  in  the  country 
which  are  either  producing  hydroelectric  power  or  have  the 
potential  for  production.  The  installed  capacity  of  these  small- 
scale  facilities  is  estimated  to  be  approximately  3,000  megawatts 
with  an  annual  generating  capacity  of  approx imately  15,000  giga¬ 
watt-hours.  Incremental  capacity  that  could  be  realized  at 
these  existing  small-scale  dams  is  approximately  5,400  megawatts 
with  an  annual  generation  rate  of  17,000  gigawatt-hours.  Further, 
there  are  approximately  2,600  potentially  feasible,  but  as  yet 
undeveloped,  small-scale  sites  that  could  be  developed  providing 
a  capacity  and  generation  rate  of,  respectively,  8,000  megawatts 
and  28,000  gi gawatt- hours  annually. 

The  prime  barriers  to  the  development  of  new  sites 
for  the  production  of  electricity  by  hydropower  are  lead  time 
required  and  resource  location.  The  lead  time  required  for 
financial  and  project  planning,  field  surveys,  site-specific 
analyses,  design  and  construction  is  approximately  20  years. 

Most  of  this  time  would  be  required  to  overcome  the  considerable 
opposition  to  the  development  of  new  dams  and  the  current  pro¬ 
cedures  available  to  effect  a  resolution  to  that  op"  .1 
Additionally,  the  largest  undeveloped  resource  in  the  U.S.  is 

located  in  Alaska.  The  energy  demand  in  Alaska  will  not  justify 
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large-scale  development.  The  existing  political  situation 
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for  the  development  of  large-scale  transmission  of  power  from 

Alaska  to  the  lower  48  states  obviates  development  for  consump- 
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tion  outside  of  Alaska.  It  is  doubtful  that  new  sites  will 
be  developed  over  the  next  20  years. 

Engineering  or  technology  barriers  include:  engineer¬ 
ing  techniques  for  small  facilities;  rehabilitation  of  existing 
dams;  and  the  design  of  transmi ss i on/del i very  systems.  Electro¬ 
mechanical  technology  for  low-head  turbines  in  the  United  States 
is  limited.  Low  demand  has  resulted  in  limiting  manufacturing 
capacity  to  build  and  deliver  such  turbines:  the  existing 
number  of  low -head  hydroelectric  facilities  in  the  U.S.  have 
been  designed  and  fabricated  as  a  custom  unit.  Individual  unit 
development  would  be  too  cumbersome  and  expensive  for  major 
development  of  this  resource.  development  of  low-head  facilities 
on  a  national  scale  would  require  the  planning  and  establish¬ 
ment  of  a  manufacturing  capability  to  mass-produce  turbines. 

It  would  also  require  the  establishment  of  a  standard  practice 
and  codes  for  turbine  assemblies  and  other  equipment. 

Dams  constructed  of  earth-fill  and  rocks  have  lifetimes 
of  approximately  100  years,  while  concrete  structures  have  one- 
half  that  lifetime.  Many  of  the  existing  dams  in  the  U.S.  were 
constructed  prior  to  1930  and  these  are  in  need  of  rehabilitation. 
The  extent  of  rehabilitative  efforts  and  the  number  of  dams 
affected  is  unknown  but  estimated  by  the  Corps  of  Engineers  at 
approximately  4000.  Since  the  extent  of  work  required  is  unknown, 
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the  associated  costs  are  unknown.  In  a  recent  publication. 


the  Corps  of  Engineers  assumed  that  the  costs  of  rehabilitating 
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half  of  the  dams  built  prior  to  1930  would  be  prohibitive. 

A  related  problem  is  the  height  of  the  dam.  Existing 
dams  on  streams  that  are  silt-laden  have  lost  much  of  their 
effective  height.  The  Corps  has  assumed  that  one-half  of  the 
pre-1930  dams  in  the  Midwest  and  Southeast  retain  only  50 
percent  of  their  effective  storage  capacity.  Rehabilitation 
could  include  additional  height,  but  cos*'  considerations  would 
dominate.  Dredging  is  possible  but  is  expensive  and  subject 
to  environmental  opposition,  primarily  due  to  noise  of  equipment, 
aesthetics,  disruption  of  benthic  communities  and  disposal. 
Disposal  of  dredged  material  is  already  a  major  problem  associ¬ 
ated  with  maintenance  of  navigation. 

Transmission  of  power  assumes  a  constant  supply  of 
electricity  to  be  transported.  Many  of  the  existing  hydro¬ 
electric  plants  (small-scale)  are  situated  on  streams  which 
have  a  zero  dry-weather  flow.  For  a  steady  power  supply, 
numerous  small  facilities  would  have  to  be  coupled.  Addition¬ 
ally,  these  small-scale  facilities  are  normally  situated  in 
remote  locations.  The  construction  of  transmission  lines  is 
expensive  and  is  subject  to  environmental  opposition  due  to 
land  requirements,  maintenance  of  riqhts  of  way  (effects  to 
terrestrial  biological  systems)  and  aesthetics. 

Traditionally,  the  largest  cost  of  hydroelectric 
facilities  is  capital.  "Fuel"  costs  are  considered  as  free. 
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The  traditional  advantages  of  hydropower  are  economic  in  that 
its  useful  lifetime  is  two  to  three  times  that  of  thermal  plants 
O&M  costs  are  low  because  of  the  relative  simplicity  of  the 
equipment;  and  the  facilities  can  respond  rapidly  and  easily 
to  variations  in  demand.  Thermal  power  plants  are  traditionally 
lower  in  capital  investment  but  incur  higher  O&M  costs,  addi¬ 
tional  equipment  for  varying  (peak)  demand,  and  have  fuel  costs. 

The  price  of  fossil  fuels  is  an  important  factor.  A  recent 
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study  by  MITRE  shows  that  capital  expenditures  plus  recent 
increases  in  fossil  fuel  costs  for  thermal  facilities  have  made 
many  hydroelectric  sites  economical. 

Increased  fossil  fuel  prices  plus  the  sunk  capital  in 
existing  dams  would  indicate  that  hydroelectric  power  should 
have  economic  advantages.  However,  an  Engineering  News  Record 
survey  in  1977  of  30  utilities  revealed  little  interest  in 
hydropower  and  indicated  retirement  of  present  facilities.  The 
reason  for  this  is  that  the  fuel  of  hydroelectric  power  produc¬ 
tion  is  not  free. 
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A  survey  by  the  Corps  of  Engineers  revealed  that 
the  water  impounded  by  existing  dams  has  other  uses  including 
irrigation,  flood  control,  water  supply  and  recreation.  An 
example  presented  in  the  reference  shows  that  the  revenue 
generated  (at  one  dam)  as  a  water  supply  is  approx ima tel y  four 
times  that  which  would  result  from  power  production.  Addition¬ 
ally,  impoundments  for  flood  control,  irrigation  or  water  supply 
cannot  be  readily  adapted  to  power  generation. 
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The  primary  environmental  impacts  of  hydropower  pro¬ 
duction  are  associated  with  induced  changes  in  stream  flow  and 


the  effects  of  frequent  filling  and  drawdown  of  reservoirs. 

These  effects  are  to  benthic  and  other  aquatic  communities, 
including  fish  migration  through  o bs true ti ons,  and  to  terrestrial 
organi sms . 

Social  impacts  are  significant.  These  include  possible 
conflicts  with  other  uses  of  the  water  resources  (e.g.,  recreation), 
health  effects, and  safety  considerations  (e.g.,  fluctuating 
water  levels  and  dam  ruptures)  and  attitudes.  Attitudes  are  affected 
in  terms  of  reliance  on  small-scale  systems,  decentralization  of 
power  supply, and  perceptions  of  energy  conservation.  For 
example,  reliance  on  power  provided  by  water  resources,  during 
a  period  of  drought  or  low  stream  flow  conditions  could  severely 
stress  social  attitudes. 

The  majority  of  dams  in  the  United  States  are  privately- 
owned  and  operated.  Only  5,500  out  of  49,500  dams  in  the  U.S. 
are  owned  and  operated  by  the  Federal  Government.  Private 
ownership  includes  state  and  local  governments,  public  and  pri¬ 
vate  utilities,  industries  and  private  corporations.  Each  owner 
operates  with  a  particular  set  of  legal  ?nd  institutional  con¬ 
straints  imposed  by:  (1)  regulatory  agencies;  (2)  riparian  or 
appropriation  water  laws;  (3)  individual,  community  or  corporate 
values,  goals,  beliefs,  customs,  etc.;  (4)  treaties,  constitu¬ 
tions,  charters,  ordinances,  by-laws;  (5)  economic  and  financial 
climate;  and  (6)  short-term  and  long-term  goals. 
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An  effort  to  coordinate  hydropower  as  a  national 
resource  would  have  to  address  the  constraints  identified  above 
and  evolve  workable  agreements  by  all  parties  involved.  Efforts 
are  underway  in  licensing  and  in  demonstration  projects.  These 
actions  must  successfully  bridge  contradictory  and  conflicting 
goals  or  requirements;  otherwise  delays  in  developing  hydro- 
power  resources  could  preclude  utilization  of  the  potential. 

Only  a  small  percentage  of  the  potential  hydroelectric 
resources  will  be  developed  by  the  year  200 0.  Recent  surveys 
have  shown,  prior  to  the  fuel-supply  crisis  of  1978-79,  hydro- 
power  facilities  were  being  retired  with  no  new  facilities  being 
developed.  The  primary  reason  for  retirement  is  due  to  the 
multiple  uses  of  stored  water,  other  than  for  power  production, 
and  the  relative  economics  of  those  other  uses.  Forecasts 
available  indicate  a  probable  increase  of  only  one  percent  in 
capacity  with  an  actual  decrease  in  generation.  The  most 
optimistic  generation  rate  for  the  vear  2000  is  less  than  the 
present  generation  rate. 

The  development  of  major  new  hydropower  sites  is 
unlikely  due  to  the  remote  location  of  candidate  sites  (Alaska) 
and  due  to  legal/ institutional  constraints.  Reference  55  con¬ 
cludes  that  there  w  1  be  no  new  major  developments  over  the 
next  20  years. 


CHAPTER  6  SCENARIO  DEVELOPMENT 


The  preceding  five  chapters  have  outlined  the  present 
and  forecast  the  future  status  of  water  scarcity  in  the  United 
States.  The  findings  are  as  follows: 

•  With  respect  to  surface  water,  there  is  in  general 
more  than  an  adequate  supply  to  meet  all  demands; 
however,  there  are  local,  and  even  regional,  short¬ 
ages  due  to  distribution  inequities  and  to  pollution. 

•  The  situation  is  similar  for  groundwater  supplies, 
except  in  some  regions  where  water  is  being  with¬ 
drawn  and  consumed  at  a  rate  that  greatly  exceeds 
recharge  . 

•  The  transfer  of  water  (ground  and  surface)  from 
water  rich  areas  to  regions  of  scarcity  is  logical, 
but  is  discouraged  due  to  water  rights,  environ¬ 
mental  issues,  economics,  and  public  attitudes. 

Federal  policy  discourages  such  projects. 

•  Technological  innovations  to  extend  water  supply, 
other  than  land-based  desalination  processes,  are 
not  yet  feasible.  Large  scale  weather  modification*, 
ocean-going  desalination  plants  and  iceberg  transport 
are  some  of  the  technologies  to  extend  water  supplies. 
These,  however,  are  either  in  experimental  stages  or 
are  severely  limited  by  the  economics  of  conversion. 
None  of  these  technologies  are  likely  to  be  in  large- 
scale  use  by  the  year  2000. 

•  Technological  innovations  to  decrease  demand  and  con¬ 
sumption  exist,  but  these  are  limited  by  economic 
considerations,  by  pollution  control  legislation, 

and  by  present  federal  policy  (as  well  as  limitations 
on  funds  from  federal  agencies  responsible  for  policy 
implementation).  For  example,  water  withdrawals  for 
steam-electric  generation  could  be  reduced  by  25  to  30 
percent  by  means  of  dry  cooling  towers  that  use  no 
water,  but  do  require  more  energy  to  operate  and  are 
expensive.  Irrigation  is  another  prime  candidate  for 
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water  conservation  but  installation  costs  for  water 
reducing  technology  are  often  not  justified  under 
current  water  and  agricultural  price  relationships. 

•  Thirteen  regions  of  the  United  States  are  expected 
to  experience  water  supply  problems  over  the  next 
twen  ty  years. 

•  Examination  of  forecasts  of  industrial,  agricul¬ 
tural,  energy,  domestic  and  recreational  activities, 
in  these  thirteen  regions,  all  reveal  growth,  with 
no  tradeoffs  between  growth  activities  in  any  one 
region  being  demonstrated. 

•  Competition  among  growth  activities  for  scarce 
water  resources  will  occur. 

•  Regional  problems  of  competition,  including  state 
and  local  community  problems,  will  be  solved  at 
the  regional,  state  and  local  level.  Federal 
policy  and  pollution  control  legislation  encourages 
thi s  approval  . 

•  The  role  of  the  Federal  government  and  its  agencies 
is  to  foster  and  assist  local  problem  resolution. 

The  Coast  Guard  is  a  Federal  agency  with  responsibilities 
that  are  water  dependent.  It  is  the  world's  largest  marine 
police  force  and  one  of  the  most  powerful  of  Federal  law  enforce¬ 
ment  agencies.  Any  water  scarcity,  inland  or  coastal,  would  have 
a  strong  influence  on  those  of  its  growing  responsibilities  that 
require  research  activity  and  would  affect  its  personnel  and 
equipment  re qu . remen t s ,  in  terms  of  both  numbers  and  capabilities. 
In  order  to  evaluate  the  effects  of  water  scarcity  on  the  USCG 
in  greater  detail,  several  scenarios  have  been  developed  and 
anal yzed . 


The  regions  of  the  US  expected  to  experience  a  water 
supply  problem  were  related  to  the  USCG  geographically.  The 
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USCG  districts  were  superimposed  on  those  geographical  regions 
of  the  US  forecasted  to  experience  water  shortages.  USCG 
districts  are  defined  in  Figure  6-1.  Regions  of  water  scarcity 
were  defined  and  discussed  in  Chapter  2  .  The  superposition 
of  both  data  sets  is  summarized  in  Table  6-1,  and  reveals  that: 

•  Eight  of  the  12  existing  USCG  districts  are  within 
regions  that  are  experiencing,  or  will  experience, 
water  scarcity;  and 

•  With  the  exception  of  three  regions  (the  Great  Basin, 
the  Pacific  Northwest,  and  the  Caribbean)  multiple 

U.  S.  Coast  Guard  Districts  have  jurisdiction  (typ¬ 
ically  two  districts),  over  projected  wa te r- s car c i ty 
areas  . 

•  With  many  USCG  regions  impacted  by  water  scarcity 
problems,  the  USCG  headquarters  will  be  involved 
on  both  the  administrative  policy-making  levels. 

Further,  the  nature  of  the  regional  water  scarcity 
problem  and  the  overall  role  of  the  Federal  government  were 
examined.  The  results  of  this  examination  are  presented  in 
Table  6-2.  The  table  also  includes  a  summary  of  which  major 
water  scarcity  issue  is  expected  to  predominate  over  the  next 
20  years.  This  analysis  reinforced  the  above  conclusion  that 
USCG  Headquarters  will  be  impacted  by  a  water  scarcity  problem. 
For  example,  in  the  Texas  Gulf  region  port  congestion  will  con¬ 
tinue  to  be  a  problem.  From  Table  6-1,  two  USCG  Districts  are 
involved.  Coordination  of  their  responsibilities  will  be  re¬ 
quired.  Additionally  in  the  South  Atlantic  Gulf  region,  the 
USCG  interface  with  the  Corps  of  Engineers  will  be  important. 
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Caribbean 


Data  were  examined  in  order  to  Isolate  the  present  USCG 
position  and  role  with  respect  to  water  resources.  The  overall 
USCG  mission  is  described  in  terms  of  its  seven  major  objectives, 
as  summarized  in  Table  6-3.  Because  of  geographic  variability 
throughout  the  US,  implementation  of  the  mission  by  the  different 
Coast  Guard  Districts  must  also  vary. 

An  approach  to  scenario  definition  is  first  to  consider 
alternative  responses  to  a  water  scarcity  problem.  To  do  this, 
several  definitions  and  assumptions  were  made;  they  are  identified 
in  Table  6-4. 

In  this  approach,  the  possible  responses  to  a  water 
scarcity  problem,  regardless  of  cause  or  regional  (geographic) 
extent,  were  considered  in  terms  of  actions  that  would: 

•  Increase  the  available  supply, 

0  Modify  the  demand, 
t  Do  nothing. 

Next,  for  each  generic  response,  actions  were  structured  to  im¬ 
plement  that  response.  These  actions  were  identified  from  the 
findings  of  the  study.  The  actions  selected  are  given  in  Table 
6-5  under  each  generic  response  heading. 

Ways  to  increase  or  extend  water  supply  include  all  of 
the  technological  advances  described  in  Chapter  5,  as  well  as 
institutional  and  policy  reorientations  investigated  in  Chapter 
4.  The  policy  actions  are  consistent  with  current  Federal  policy 
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TABLE  6-3  Mission  of  the  U.  S.  Coast  Guard 


•  To  minimize  loss  of  life,  personal  injury  and  property 
damage  on,  over  and  under  the  high  seas  and  waters 
subject  to  U.  S.  jurisdiction 

•  To  facilitate  transportation  with  particular  emphasis 
on  waterborne  activity  in  support  of  national  economic, 
scientific,  defense  and  social  needs 

•  To  maintain  an  effective,  ready-armed  force  prepared  for 
and  immediately  responsive  to  specific  tasks  in  time  of 
war  or  emergency 

•  To  assure  the  safety  and  security  of  vessels  and  of  ports 
and  waterways  and  their  related  shoreside  facilities 

•  To  enforce  federal  laws  and  international  agreements  on 
and  under  waters  subject  to  the  jurisdiction  of  the 

U.  S.  and  under  the  high  seas  where  authorized 

•  To  maintain  or  improve  the  quality  of  the  marine 
environment 

t  To  cooperate  with  other  governmental  agencies  and 

entities  (Federal,  state  and  local)  to  assure  efficient 
utilization  of  public  resources  and  to  carry  out 
activities  in  the  international  sphere  where  appropriate 
in  furthering  national  policy 


Source:  ICOMDITINST  16014.1,  1979 
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and  are  probable  actions.  Actions  listed  under  "modify  demand" 
were  obtained  in  a  similar  manner.  Actions  listed  under  the 
third  generic  response  constitute  probable  consequences  of  not 
res pondi ng . 

Each  probable  response  was  determined  in  terms  of  its 
affect  or  impact  on  the  U.  S.  Coast  Guard.  The  U.S.  Coast  Guard 
mission,  as  defined  in  Table  6-4,  was  used  as  the  basis  for 
characterizing  responsibility.  It  was  determined  whether  and 
how  each  response  would  impact  the  Coast  Guard  in  terms  of  the 
missions  components.  The  results  of  this  impact  identification 
process  are  presented  in  Table  6-5  (an  "x"  in  any  of  the  mission 
columns  indicates  impact.) 

For  example,  if  water  supply  is  extended  by  technological 
advance  (e.g.  transport  of  icebergs),  the  1) .  S.  Coast  Guard  would 
be  heavily  involved  (perhaps  in  the  towing  operation,  and  once 
the  iceberg  entered  U.  S.  territorial  waters).  This  involvement 
could  include  safety  and  rescue,  maintenance  of  navigation, 
security  of  ports  and  vessels,  enforcement  of  Federal  law  (unless 
certain  waivers  were  obtained),  and  cooperation  with  other  govern¬ 
mental  agencies.  The  U.  S.  Coast  Guard  could  also  be  responsible 
for  certain  R&D  related  to  the  effects  of  operations  such  as  ice¬ 
berg  transport  on  the  marine  environment.  In  the  case  of  increased 
use  of  treated  wastewater,  the  U.  S.  Coast  Guard  would  be  in¬ 
volved  in  terms  of  enforcement  of  Federal  wa te r- pol 1 u t i on  laws, 
and  perhaps  in  R&D  for  effects  of  the  use  or  disposal  of  this 
water  (if  any)  on  the  marine  environment. 


TABLE  6-4  Key  Definitions  and  Assumptions 
for  Scenario  Development 


Defi ni tions 


Water  Scarcity 

Impact 

U.  S.  Coast  Guard 

High  Impact 
Low  Impact 


Disruption  of  the  available 
fresh  water  supply  as  related 
to  demand,  such  that  all  water- 
related  activities  cannot  con¬ 
tinue  as  in  the  past  and  that 
priorities  must  be  established 
and  allocations  must  be  made. 

Changes  caused,  both  directly 
and  indirectly,  by  water 
scarcity. 

An  organization  within  the 
Executive  Branch  of  the  Federal 
government  with  prescribed  re¬ 
sponsibilities  (mission)  and 
budget  authority  to  carry  out 
those  responsibilities. 

Significant  departure  from  past 
or  planned  practices. 

Minor  departure  or  interruption 
from  past  or  planned  practices. 


Assumptions 


The  U.  S.  Coast  Guard  mission  is  defined  by 
seven  individual  responsibilities. 


All  elements  or  responsibilities  of  the  USCG's 
mission  have  equal  priority. 


The  nature  of  the  performance  of  each  mission 
element  is  in  part  dependent  upon  the  geographic 
locations  of  the  U.  S.  Coast  Guard  bases  and  units 
assigned  that  responsibility. 
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The  numbers  of  correlations  between  responses  and  the 
components  of  the  U.  S.  Coast  Guard  mission  were  determined  and 
used  as  a  basis  for  structuring  the  impact  scenarios.  The  fol¬ 
lowing  scenarios  resulted: 

Low  Impact:  Water  scarcity  occurs  and 

a  "modify  demand"  response 
is  adopted. 

Probable  Impact:  Water  scarcity  occurs  and  an 

"increase  supply"  and  "modify 
demand"  response  is  adopted. 

High  Impact:  Water  scarcity  occurs  and  a 

"do  nothing"  response  is 
adopted . 

In  the  low  impact  scenario,  planned  and  coordinated 
actions  are  implemented  to  modify  the  demand  for  available 
supplies.  Local  and  regional  plans  are  implemented  in  con¬ 
junction  with  Federal  resources,  such  that  no  large-scale  dis¬ 
ruption  occurs.  Demand  management  strategies,  such  as  conser¬ 
vation,  are  strictly  and  widely  enforced  by  means  of  legal 
penalties.  Water  conservation  to  modify  demand  may  mean  reduction 
of  water  use  to  some,  development  of  new  supplies  to  others, 
and  curtailment  of  certain  uses  of  water  to  still  others.  Water 
conservation  measures  proposed  for  certain  in-stream  uses  of 
water  such  as  navigation  and  recreation  would  involve  Coast 
Guard  participation.  Navigation  improvements  could  require 
dredging  of  channels  to  maintain  channel  depth,  disposal  of 
dredged  material,  and  construction  of  locks,  dams,  and  impound¬ 
ments.  Where  widening  and  deepening  of  coastal,  harbor,  and 
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channel  dimensions  needed  to  accommodate  ever-increasing  water¬ 
way  traffic  has  been  postponed  for  reasons  related  to  water 
scarcity,  dangers  to  the  safety  and  security  of  vessels,  ports, 
and  waterways  will  remain,  requiring  an  increased  involvement  of 
the  Coast  Guard.  The  Ports  and  Waterways  Safety  Act  of  1972  gave 
the  Coast  Guard  responsibility  for  safe  transportation  of 
dangerous  cargoes  on  navigable  waters  of  the  United  States.  Con¬ 
gestion  of  waterways  caused  by  lowered  water  levels,  and  con¬ 
sequent  decrease  in  the  depth  of  channels  and  narrowing  of 
water  courses,  could  pose  additional  hazards  to  water  transport, 
and  in  particular,  to  transport  of  dangerous  cargoes,  adding 
regulatory  functions  to  the  Coast  Guard  and  increasing  its  safety- 
related  activities.  Furthermore,  reduced  in-stream  flow  resulting 
from  allocation  of  water  for  competing  uses  such  as  agriculture 
and  energy,  can  endanger  public  safety  and  water  quality.  The 
1971  Federal  Boat  Safety  Act  requires  the  Coast  Guard  to  serve 
as  a  watchdog  for  boating  safety.  Additionally,  in  1970  and 
1972,  the  Water  Quality  Improvement  Act  and  the  Federal  Water 
Pollution  Control  Act  gave  the  Coast  Guard  increased  statutory 
responsibility  for  making  and  enforcing  regulations  concerning 
water  pollution  and  polluters. 

The  most  probable  impact  scenario  includes  efforts 
to  both  increase  supply  and  modify  demand.  In  this  instance, 
a  greater  reliance  on  ocean  based  desalination,  energy  production 
and  mineral  mining  occur.  All  of  these  impact  the  U.  S.  Coast 
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Guard.  Simultaneously,  there  is  improvement  in  agricultural 
management  practices,  coupled  with  reuse  and  recycle,  use  of 
conservation  devices,  and,  perhaps,  use  of  treated  wastewater 
(direct  or  indirect)  for  aquifer  recharge.  These  actions  are 
accompanied  by  a  campaign  of  awareness  to  inform  both  corporations 
and  individuals  as  to  the  severity  of  the  occurrence  and  the 
options  available  to  remedy  the  situation.  Voluntary  citizen 
and  industry  support  is  obtained. 

In  the  high  impact  scenario,  unplanned  and  uncoordin¬ 
ated  responses  occur,  primarily  by  sectors  of  the  economy  or 
by  regions  of  the  United  States.  Food  and  energy  supplies  will 
be  required.  To  maintain  adequate  supply  (and  perhaps  exports 
or  trade),  available  water  supplies  are  consumed  and  a  trend 
toward  greater  reliance  on  ocean  resources  develops.  In  this 
scenario,  the  Federal,  state,  and  local  governments  respond  to 
individual  problems  rather  than  anticipate  and  direct. 

DIRECT  EFFECTS  OF  WATER  SCARCITY  ON  TRADITIONAL  ELEMENTS  OF 
THE  COAST  GUARD  MISSION 

Conditions  of  water  scarcity  caused  by  drought  or  by 
the  expected  great  increase  in  withdrawals,  from  both  surface 
and  groundwater,  for  industrial,  power  development,  agricultural, 
and  normal  human  uses  could  result  in  substantial  lowering  of 
water  levels  in  the  navigable  inland  and  estuarine  waterways 
of  the  United  States.  The  Coast  Guard  mission  is  vitally  bound 
to  commerce  on  the  inland  waterways,  including  aids  to  navigation; 
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traffic  control;  bridge  administration;  pollution  and  hazardous 
material  spill  prevention,  containment,  and  clean-up;  fire-fighting 
and  safety,  including  recreational  boating  safety. 

The  width  and  depth  of  the  navigable  channel,  and  of 
the  total  water- course ,  change  with  the  river  stage.  Current 
velocity  also  fluctuates  with  changes  in  stage--channels  shift 
and  may  be  narrowed,  channel  depths  may  decrease,  and  sandbars 
are  built  or  destroyed;  thus  channel  bouys  must  be  shifted, 
dredging  activity  must  be  increased,  traffic  control  is  affected, 
etc.  Spills  and  leakage  are  increasingly  likely  under  con¬ 
ditions  in  which  channel  depths  are  decreased,  and  tank  carriers 
are  more  likely  to  contact  the  bottom  or  strike  bars  or  other 
obstacles  exposed  by  lowered  water  levels. 

The  amount  of  hazardous  cargo  transported  by  water  is 
likely  to  continue  to  increase,  and  new  hazardous  products  will 
appear . 

As  noted  in  the  1971  Coast  Guard  report  on  Ports  and 
Waterways,  the  chemical  industry  in  this  country,  which  produces 
most  of  the  hazardous  materials  shipped  in  bulk,  has  been 
growing  at  a  rate  substantially  larger  than  the  country's  overall 
industrial  growth  rate.  Concurrently,  water  transportation  of 
these  hazardous  products  has  increased  rapidly  in  certain  parts 
of  the  country,  notably  on  the  western  rivers  and  inland  waterways 
and  along  the  western  half  of  the  Gulf  Coast.  The  result  has 
been  traffic  congestion  and  a  high  incidence  of  marine  accidents 
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in  certain  ports  and  waterways.  Most  of  these  areas,  moreover, 
are  within  or  near  densely  populated  cities  where  massive 
release  of  toxic  substances  could  have  drastic  effects.  Lowering 
of  water  levels  in  such  rivers  and  waterways  as  a  result  of 
excessive  withdrawals  for  agricultural,  industrial,  and  human 
use,  crom  both  surface  and  groundwater  sources,  would  aggravate 
these  problems  by  reducing  the  depth  of  channels,  narrowing  the 
water  courses  in  general  and  navigation  channels  in  particular, 
increasing  sedimentation  (hence,  channel  filling  and  growth  of 
sandbars),  reducing  the  volume  of  water  available  to  dilute  and 
disperse  pollutants  (lowered  stream  velocities  associated  with 
diminution  of  flow  would  also  contribute  to  this  problem),  and 
perhaps  in  other  ways. 

Factors  of  great  importance  with  respect  to  collisions, 
groundings,  and  other  accidents  involving  vessels  in  heavily 
congested  waters  are:  channel  depth  and  configuration;  navigational 
aids  (adequacy  and  correct  placement,  especially  under  conditions 
of  rapid,  large  physical  changes  in  the  water  course);  the 
presence  of  abnormal,  or  new  and  unexpected,  obstructions;  cur¬ 
rents  and  prevailing  winds;  and  others.  All  but  winds  are  likely 
to  result  from  lowered  water  levels  due  to  water  scarcity.  In 
low-water  situations,  water-side  approaches  to  fires  may  be  more 
di fficul t--especial ly  to  onshore  or  near-shore  fires.  Under  these 
conditions,  greater  reliance  on  helicopter  transport  of  fire¬ 
fighting  equipment  and  firefighters  might  be  required. 
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Severe  inland  water  scarcity  would  probably  stimulate 


increased  development  of  various  ocean-based  activities,  in¬ 
cluding  both  onshore  and  off-shore  desalination  facilities, 
as  well  as  off  shore  industrial  and  mining  projects.  Some 
inland  recreational  activities  might  also  move  to  estuarine 
and  near-shore  oceanic  areas.  Such  activities  as  illegal  ocean 
dumping  and  drug  trafficking  are  also  likely  to  increase  over 
the  next  two  decades.  All  of  these  developments  will  have 
a  direct  bearing  on  the  mission  and  day-to-day  work  of  the 
U .  S.  Coast  Guard;  in  particular,  the  enforcement,  search  and 
rescue,  and  safety  elements  of  the  Coast  Guard  mission  are 
likely  to  be  the  most  affected. 


i 
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CHAPTER  7  LOW  IMPACT  SCENARIO:  WATER  SCARCITY  OCCURS 
AND  A  "MODIFY  DEMAND"  RESPONSE  IS  ADOPTED 


In  the  Low  Impact  scenario,  planned  and  coordinated 
actions  are  implemented  to  extend  available  supplies  and  to 
modify  the  demands.  Regional  plans  are  implemented  in  conjunc¬ 
tion  with  Federal  resources,  such  that  no  large-scale  disruptions 
occur.  Today's  ongoing  regional  planning,  increasing  augmenta¬ 
tion  of  existing  supplies  via  desalination  projects,  and 
modification  of  demand  via  water  reuse  and  recycling  processes, 
and  input  of  Federal  funds,  are  typical  of  the  Low  Impact  scenario. 

As  water  withdrawal  and  consumption  increase,  as 
forecast  for  the  next  20-year  period,  concurrent  planned  and 
implemented  procedures  for  increased  augmentation,  demand 
modification  and  continuing  Federal  support  will  maintain  the 
water  scarcity  problem  at  a  manageable  level,  i.e.,  low 
impact.  The  impact  of  this  kind  of  response  pattern  on  the 
USGC  will  be  a  concurrent,  planned  increase  in  its  responsibilities 
in  guarding  the  safety  of  personnel  and  property,  along  the 
coasts  and  offshore,  as  desalination  complexes  are  developed 
in  those  areas,  and  as  offshore  power  production  facilities 
are  increased. 

ROLE  OF  GOVERNMENT 
PI annlnq 

Government  (Federal)  will  continue  to  monitor  the 
planning  of  the  regional,  state  and  local  water  authorities 
and  respond  to  their  requests  for  such  technical  and  legal 
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assistance  as  they  may  require.  It  will  not  actively  engage 
in  their  planning  activities,  but  may  provide  guidance  in  the 
form  of  directives,  statements  of  national  goals,  etc. 

Allocation  of  Resources 

The  Federal  government  will  provide  financial  ?ssistance, 
total  and/or  matching,  to  assist  the  regional,  state  and  local 
planning  agencies  in  the  imp! ementat ion  of  their  respective 
water  supply  enhancement  programs.  Technical  assistance  on  a 
limited  basis  for  data  acquisition  or  for  policy  implementation 
will  be  provided. 

Relationships  of  Units  of  Government 

A  continuing  Low  Impact  situation  regarding  water 
supplies  should  not  cause  any  significant  alteration  in  the 
relationships  between  units  of  government.  Variation  in  budget 
allocations  may  occur  as  changing  conditions  require  changing 
focus/emphasis  on  the  part  of  different  governmental  units  but 
the  basic,  current  relationships  should  remain  essentially 
unchanged . 

CANDIDATE  TECHNOLOGIC  ADVANCES  LIKELY  TO  BE  IMPLEMENTED 

The  feasibility  and  state-of-the-art  regarding  fresh 
water  conservation  and  augmentation  technologies  have  been 
addressed  in  Chapter  4;  however,  the  most  likely  candidate 
technologies  to  be  implemented  in  the  Low  Impact  scenario  are 
salt  and/or  brackish  water  desalination  (conventional,  solar 
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or  nuclear  powered)  on  and  offshore,  water  recycle  and  reuse 
in  industry  and  agriculture. 

At  present,  there  are  about  500  land-based  desalting 
plants  producing  about  100  million  gallons  of  fresh  water  per 
day  for  municipal  and  industrial  uses  in  the  U.S.  Distillation 
with  multi-flash  distillation  seems  to  be  the  most  widely 
practiced  desalting  technique  currently  being  used.  However, 
desalination  is  currently  highly  uneconomical  and  this  seems 
to  be  the  major  deterrent  to  any  large  scale  application  of 
desalination.  The  feasibility  of  using  solar  energy  as  a 
power  source,  and  solar  energy  in  combination  with  various 
conventional  sources  seems  to  hold  high  prospects  to  lowering 
cost.  However,  such  techniques  are  still  in  developmental 
s  tages . 

Water  reuse  and  recycle  are  getting  greater  attention 
and  acceptance  both  by  the  industry  and  agriculture.  Reuse 
requiring  water  of  secondary  quality  is  considered  economically 
feasible.  These  include  agricultural  irrigation,  livestock 
and  wildlife  watering,  once-through  cooling  and  process  water 
for  primary  industries.  It  is  projected  by  OWRT  that  water 
reuse  would  undergo  a  four-fold  increase  growing  from  0.2 
percent  of  freshwater  withdrawals  in  1975  to  1.7  percent  in  2000. 
ROLE  OF  U.S.  COAST  GUARD 

In  the  Low  Impact  scenario,  certain  elements  of  the 
USCG  mission  may,  with  the  passage  of  time,  require  increased 
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emphasis  but  such  increase  in  emphasis  will  be  evolutionary 
rather  than  revol uti onary.  The  major  policies  for  implementing 
these  USCG  mission  objectives  include: 

•  Encouragement  of  state  and  local  government 
participation  in  rule-making  processes  and  in 
solving  problems  in  areas  of  concurrent  juris¬ 
diction  and  assumption  of  the  leadership  role 
when  appropriate; 

•  Expansion  of  R&D  efforts  to  include  larger  term, 
high  pay-off  projects  but  not  at  the  expense  of 
the  near-term  problems.  This  may  include  the 
development  of  hardware,  procedures  and  systems 
as  well  as  the  expansion  of  knowledge  related  to 
technical  support  for  regulatory  programs.  Pro¬ 
jects  may  have  to  be  structured  to  meet  the  im¬ 
mediate  needs  of  agriculture  and  energy  production 
while  anticipatory  and  innovative  research  could 
contribute  to  long  term  needs; 

•  Continual  alertness  for  trends  towards  threats 
to  the  safety  and  security  of  ports; 

•  Continuing  to  seek  ways  to  facilitate  marine 
transportation  consistent  with  safety  and  marine 
environmental  protection  objectives; 

•  Keeping  abreast  of  the  water  quality  in  the  far 
distant  ocean  regions  (7,200  mi.)  with  a  view 
toward  detecting  the  first  signs  of  environmental 
deterioration; 

•  Continuing  to  focus  the  public's  concerns  on  the 
need  for  small  boat  operating  safety;  and 

•  Maintenance  of  a  strong  presence  on  and  over  the 
sea  to  enforce  laws,  defer  conflicts  and  settle 
disputes  (including  under-sea  activities). 
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CHAPTER  8  PR03APLE  IMPACT  SCENARIO 


OF  VF  L  QP  MEN  T  OF  SCENARIO 

The  methodology,  logic,  definitions  and  assumptions 
used  in  developing  the  Low  Impact  scenario  are  applicable  to 
all  of  the  scenarios  discussed.  Data  were  not  available 
to  allow  quantification  of  impacts  according  to  water 

scarcity;  therefore,  the  impact  of  water  scarcity  was 
evaluated  in  terms  of  the  response  elicited.  This  approach 

permits  impact  evaluation  regardless  of  whether  the  water  scarcity 
problem  is  severe,  moderate,  or  low,  i.e.,  unorganized,  unplanned, 
or  counterproductive:  a  response  could  result  in  high  impact 
even  though  the  water  scarcity  was,  in  fact,  neither  severe 
nor  moderately  so. 

In  the  Probable  Impact  scenario,  planned  responses 
to  increase  supply  are  adopted  while  efforts  are  exerted  to 
modify  demand.  Technological  innovations  are  implemented  to 
increase  supply  while  more  rational  forms  of  balancing  supply 
and  demand  are  worked  out.  The  impact  to  the  Coast,  Guard  is 
primarily  due  to  the  reliance  on  the  ocean  for  this  increased 
supply;  icebergs  and  desalination,  offshore  energy  production, 
and  ocean  minerals  mining.  All  of  these  remedies  involve 
considerable  expense  and  planning.  All  impact  the  tJ.S.  Coast 
Guard  but  its  actions  are  planned  and  conducted  in  concert  with 
those  of  the  Federal  and  state  regions.  Simultaneously  improved 
agricultural  management  practices,  coupled  with  reuse  and  recycle. 
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use  of  conservation  devices,  and,  perhaps  use  of  treated  waste- 
water  (direct  or  indirect  for  aquifer  recharge)  occurs.  These 
actions  are  accompanied  by  a  compaign  of  awareness  to  both 
corporations  and  individuals  as  to  the  severity  of  the  occurrence 
and  the  options  available  to  remedy  the  situation.  Voluntary 
citizen  and  industry  support  is  obtained. 

ROLE  OF  GOVERNMENT 

Control  and  Allocation  of  Resources 

Government  provides  resources  in  the  form  of  funding, 
total,  partial,  matching  and  also  its  resources  in  technical 
and  legal  areas.  It  uses  its  access  to  the  media  to  inform 
the  Nation  of  the  problems  involved,  progress  being  made,  goals 
to  be  achieved  and  guidance  in  reaching  those  goals. 

Relationship  of  Units  of  Government 

As  in  the  case  of  the  Low  Impact  scenario,  the  relation¬ 
ship  of  units  of  Government  remain  essentially  unchanged. 
Activities  in  their  respective  areas  of  responsibility  will 
intensify  but  relationships  will  remain  the  same. 

CANDIDATE  TECHNOLOGIC  ADVANCES  LIKELY  TO  RE  IMPLEMENTED 
Candidate  technological  advances  likely  to  be 
implemented  are  listed  in  order  of  their  likelihood  of  imple¬ 
mentation: 

•  Shore-side  desalination  (conventional,  nuclear, 
solar-powered) 

0 


Water  reuse  and  recycling  by  both  industry, 
agriculture  and  aquaculture 


1 


•  Offshore  desalination  (conventional  and  solar- 

powered) 

t  Onshore  solar  energy  production 

•  Offshore  mineral  mining 

•  Offshore  energy  production 

ROLE  OF  U.  S.  COAST  GUARD 

As  indicated  above,  the  responsibilities  specified 
in  the  defined  'IS  CG  mission  will  remain  the  same,  bu  •  the 
intensity  of  the  activities  required  to  fulfill  the  mission 
elements  will  increase  concurrently  and  in  concert  with  the 
activities  of  the  other  involved  organizations,  governmental 
and  industrial. 
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CHAPTER  9  HIGH  IMPACT  SCENARIO 

DEVELOPMENT  OF  SCENARIO 
National  Pis  a  ter 

National  disaster  might  occur  as  a  result  of  a 
rapid  succession  of  nuclear  power  plant  disasters  which  would 
effectively  poison  the  population,  the  earth,  surface  waters 
and  at  least  some  ground  waters.  The  same  results  could  accrue 
from  a  saturation  nuclear  attack.  An  armed  political  revolu¬ 
tion  could  lead  to  disaster  and/or  anarchy  of  uncertain  duration, 
wherein  all  organized  government  functions  would  cease.  Natural 
phenomena  of  nationally  disastrous  proportions  would  not  occur 
in  such  a  short  period  of  time  that  organized  planning  and 
plan  implementation  could  not  obviate  or  mitigate  the  effects. 
International  Disaster 

World  Wars  I  and  II  were  awesome  and  certainly 
resulted  in  some  large  disaster  areas  wherein  government  func¬ 
tions  were  indeed  disrupted  for  varying  periods  of  time.  A 
third  World  War  could  bring  disaster  on  an  international  scale 
but  the  precise  nature  of  the  effects  and  their  ramifications 
is  not  understood. 

International  Confrontation 

International  confrontation,  similar  to  national 
and  international  disaster  is  difficult  to  define  regarding 
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affects.  Short  of  widespread  destruction,  pollution  or  poison¬ 
ing  of  water  supplies  and  complete  disruption  of  government 
activities/leadership,  the  most  conceivable  result  of  each 
situation  is  the  sabotaging  of  water  supplies.  These  acts, 
however,  would  he  isolated,  small  scale,  and  their  effects  local 
in  nature.  The  effects  of  such  activities  would  not  he  in 
any  way  comparable  to  the  effects  of  today's  use/depletion  of 
the  Nation's  water  supplies  by  our  own  people's,  industries',  and 
agriculturists'  activities.  Therefore,  this  kind  of  local 
effect  is  not  incorporated  in  the  scenario.  The  severity  of 
impact  remains  defined  by  the  response. 

In  this,  the  High  Impact  scenario,  unplanned  and 
uncoordinated  responses  occur,  primarily  by  sectors  of  the 
economy  or  by  regions  of  the  United  States.  Food  and  energy 
supplies  will  be  required.  To  maintain  adequate  supply  (and 
perhaps  exports  or  trade),  available  water  supplies  are  consumed 
and  a  trend  toward  greater  reliance  on  ocean  resources  develops. 

In  this  scenario,  the  Federal,  state  and  local  governments  respond 
to  individual  problems  rather  than  anticipating  and  providing 
necessary  direction.  The  probability  of  this  scenario  occurring 
is  low  since  it  contradicts  present  Federal  policy  and  ignores 
the  large  degree  of  planning  currently  underway. 

ROLE  OF  GOVERNMENT 

As  stated  above,  the  likelihood  of  this  scenario  is 
very  low  and  the  nature  of  the  disruption  is  undefined.  It 
would,  therefore,  be  difficult  to  postulate  changes  in  structure 
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and  mode  of  operation  of  government.  Furthermore,  conditions 
envisioned  in  this  scenario  would  not  be  suddenly  manifested, 
but  would  develop  over  an  extended  time  period  during  which 
the  role  of  government  would  change  as  the  various  aberrations 
in  the  planning  and  implementation  processes  appeared. 

CANDIDATE  TECHNOLOGIC  ADVANCES  LIKELY  TO  BE  IMPLEMENTED 

In  the  event  of  this  scenario,  wherein  responses  to 
emerging  problems  of  water  shortages  are  met  by  bursts  of 
uncoordinated  planning  and  implementation  activities,  it  is 
likely  that  any  advanced  technology  such  as  weather  modification, 
which  appears  appropriate  for  solution  of  the  local  water  short¬ 
age  problem  will  be  tried. 

ROLE  OF  THE  (J .  $.  COAST  GUARD 

In  this  scenario,  effective  fulfillment  of  the 
mission  of  the  USCG,  particularly  in  the  areas  of  ensuring 
safety  and  of  law  enforcement,  would  probably  be  seriously 
hampered  by  the  general  inadequacy  of  advance  planning  and 
coordination  and  by  widespread  disorganization. 
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CHAPTER  10  CONCLUSIONS  AND  RECOMMENDATIONS 


FINDINGS 


There  is  a  significant  problem  regarding  the  avail¬ 
ability  of  supplies  of  fresh  water  needed  to  maintain  the  Nation's 
progress  and  livelihood.  The  problem  is  being  mitigated 
through  stepwise  implementation  of  technologies  on  a  local 
basis,  e.g.,  desalination  of  sea  and  brackish  waters  and  reuse 
and  recycling  of  withdrawn  waters.  Wide  ranging  programs  for 
water  conservation  are,  however,  not  in  effect.  The  outlook 
for  the  next  twenty  years  indicates  that  this  problem  will 
become  more  severe,  but  not  catastrophic  as  population,  urban¬ 
ization  and  industrialization  increase  and  that  the  problem  will 
be  further  exacerbated  due  to  the  necessity  for  development  of 
new  energy  sources.  With  regard  to  government  policy: 

(1)  Major  Federal  policy  reform  occurred  in  1976 
and  again  in  1978. 

(?)  Those  policy  changes  are  consistent  with  the 
nature  and  extent  of  water  supply  problems 
anticipated  by  the  WRC  through  2000  AP. 

(3)  Federal  programs,  under  the  reformed  policy, 
are  oriented  toward  better  local-State-Feder-al 
planning  and  analyses  of  water  supply  problems 
with  emphasis  on  cost-effectiveness  and  environ¬ 
mental  effects. 

(4)  Federal,  State  and  local  policy  encourages 
conservation  as  the  primary  mechanism  for 
extending  available  supplies. 

(5)  Real  growth  in  Federal  expenditures  for  water 
resource  projects  throughout  the  year  2000  AP 
appear  consistent  with  the  projected  extent 
and  nature  of  anticipated  water  supply  problems. 
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(6)  Policy  changes  at  the  Federal  level  affect  the 
degree  of  involvement  and  the  role  of  State  and 
local  governments.  This  type  of  partnership 
will  grow  due  to  the  localized  nature  of  projected 
water  supply  (and  pollution)  problems. 

CONCLUSIONS 


It  is  likely  that  future  Federal  water  policy  changes 
would  include  the  following  guidelines: 

•  Water  resources  will  be  developed  in  such  a  way 
and  at  such  times  as  will  assure  their  optimum  use. 
This  necessarily  will  involve  the  concept  that 
each  project  must  be  economically  sound. 

t  Public  participation  will  greatly  increase  in 
water  resource  development. 

•  Local  and  regional  drainage  areas  would  be 
among  the  primary  considerations  to  the 
development  of  water  resources. 

•  Water  resource  conservation,  education  and 
research  as  a  means  to  accomplish  certain 
economic  ends  would  receive  greater  attention 
and  increased  funding. 

•  Primary  responsibility,  such  as  the  basic  decision 
for  water  resource  development,  may  be  transferred 
to  local,  state  and  regional  levels,  while  Federal 
responsibility  is  likely  to  involve  areas  of  special 
responsibility  and  competence. 

•  Steps  to  facilitate  resolution  of  controversies 
surrounding  Federal  reserved  water  rights  and 
Indian  water  rights. 

Other  findings  are  as  follows: 

•  Generally  in  terms  of  surface  water,  there  is 
more  than  an  adequate  supply  for  all  demand; 
however,  there  are  localized  and  even  regional 
shortages  due  to  distribution  and  pollution. 

•  The  situation  is  similar  for  groundwater  supplies, 
except  in  some  regions  waters  are  being  with¬ 
drawn  and  consumed  at  a  rate  that  greatly 
exceeds  recharge. 
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The  transfer  of  water  (ground  and  surface)  from 
water  rich  areas  to  regions  of  scarcity  is  logical 
but  discouraged  due  to  water  rights,  environmental 
issues,  economics  and  public  attitudes.  Federal 
policy  discourages  such  projects. 

Technological  innovations  to  extend  water  supply 
other  than  by  desalination  processes  are  not  yet 
feasible.  Most  technologies  are  in  the  experi¬ 
mental  stage. 

Technological  innovations  to  decrease  demand  and 
consumption  exist,  are  fostered  by  pollution  con¬ 
trol  legislation  and  by  present  federal  policy 
(as  well  as  funds  from  federal  agencies  responsible 
for  policy  implementation). 

Thirteen  regions  of  the  United  States  are  expected 
to  experience  a  water  supply  problem  over  the  next 
twenty  years. 

Examination  of  forecasts  of  industrial,  agricul¬ 
tural,  energy,  domestic  and  recreational  activi¬ 
ties,  in  these  thirteen  regions,  all  reveal 
growth,  with  no  tradeoffs  between  growth  activi¬ 
ties  in  any  one  region  being  demonstrated. 

Competition  among  growth  activities  for  scarce 
water  resources  will  occur. 

Regional  problems  of  competition,  including 
state  and  local  community  problems,  will  be 
solved  at  the  regional,  state  and  local  level. 
Federal  policy  and  pollution  control  legislation 
encourages  this  approval. 

The  role  of  the  Federal  Government  and  its 
agencies  is  to  foster  and  assist  local  problem 
resol uti on . 

Population  changes  and  job  or  skill  modifications 
are  not  expected  to  be  significant  because  of 
anticipation  and  resolution  of  problems  at  regional, 
state,  or  local  levels. 

Water  scarcity  issues  will  affect  USCG  Headquarters 
and  districts. 

Eight  of  the  12  existing  districts  are  affected. 
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•  With  the  exception  of  three  ’basins  (Great  Basin, 

Pacific  Northwest  and  Caribbean),  jurisdiction  is 
shared,  typically,  by  two  U.  S.  Coast  Guard 

di stricts  . 

•  Headquarters  would  have  to  provide  guidance  suf¬ 
ficient  to  permit  multiple  district  or  "lead" 
district  involvement  with  regional  water  scarcity 
assistance. 

•  Both  USCG  Headquarters  and  Districts  could  be 
involved  in  any  regional  water  scarcity  problem 
resol ution . 

•  The  USCG  has  over  the  years  maintained  a  relatively 
stable  position  within  the  U.S.  water  resources  effort, 
even  with  decreasing  position  relative  to  R&D,  a 
decreasing  budget  authority  (in  real  terms)  and 

an  increasing  responsibility.  However,  this  has 
resulted  in  the  Coast  Guard  spreading  too  thinly 
for  its  various  missions. 

RECOMMENDATIONS 


The  U.  S.  Coast  Guard  should  maintain  close  liaison 
with  all  government  units  involved  in  water  resource  augmenta¬ 
tion  planning  in  order  to  be  responsive  to  those  inland-waterway, 
coastal,  and  off  shore  activities  that  are  related  to  efforts 
to  increase  water  supplies  and  energy  production.  Paramount 
will  be  the  allocation  of  sufficient  funding  for  the  U.  S. 

Coast  Guard  to  expand  certain  of  its  operational  capabilities 
as  needed. 

The  U.  S.  Coast  Guard  should  review  its  generic  mission 
in  terms  of  regional  and  budget  priorities  as  well  as  its 
operational  and  regulatory  missions.  Where  possible,  interaction 
and  involvement  with  regional  jurisdiction  (via  USCG  District 
Offices)  currently  Involved  in  planning  for  present  or  anticipated 
water  scarcity  situations  should  be  increased. 


10-4 


REFERENCES 


( 


1.  Lawson,  D.A.,  and  Whedin,  F.L.,  "Small-Scale  Weather 
Modification",  U.S.  Army  Advanced  Material  Concepts 
Agency,  Report  No.  72-004,  January  1972. 

2.  Neyman,  J.  ,  "A  Statisticians  View  of  Weather  Modification 
Technology,"  University  of  California,  for  U.S.  Army  Research 
Office,  August  1977. 

3.  Neyman,  J.,  "Strong  Far-Away  Effects  of  Local  Cloud 
Seeding",  University  of  California,  Office  of  Naval 
Research,  March  1979. 

4.  Spiegler,  K.S.,  Salt  Water  Purification,  Technion-Israel  , 

Haifa,  Israel,  1962  (John  Wiley  &  Sons  Inc.,  pub.).  j 

5.  El-Ramly,  N . A.  and  C.F.  Congdon,  Desalting  Plants  Inven¬ 
tory  Report  No.  6,  Hawaii  Un  i  versTTy~TirrsT_^FpirrtmTrrt— of 
the  Interior,  pub.  1977) 

6.  Eason,  C.  N.,  Unique  Electric  Power  and  Water  Pesa 1 i n i za ti on 

Scheme  Underway  in  Libya,  U.  S.  Army  War  College,  Pub.  1972.  j 


7.  Cooper,  E.E.,  Analysis  of  a  Dual  Mode  Desal inization  System 
for  Naval  Bases  (Naval  Civil  Engineering  Laboratory,  pub. 

TTO 

8.  Howe,  C.W.  ,  and  Easter,  K.W.,  Interbasin  Transfers  of 
Water,  Economic  Issues  and  Impacts.  The  John  Hopkins 
Press,  Baltimore,  1 97 1 ~ 

9.  Ellis,  W.H.,  "Water  Transfer  Problems:  Law",  in  Water 
Research ,  the  John  Hopkins  Press,  1965. 

10.  Avon,  G.  ,  and  Coelen,  S.P.  "Economic  and  Technical  Con¬ 
siderations  of  Regional  Water  Supply,"  A  Report  Submitted 
to  U.S.  Army  Institute  for  Water  Resources  by  Pennsylvania 
State  University,  July  1977. 

11.  Gotzmer,  W.G. ,  "Engineering  and  Economic  Considerations 
for  the  Regionalization  of  Water  Supply  Systems",  Interim 
Report  to  the  U.S.  Army  Corps  of  Engineers,  Institute 
for  Water  Resources,  March  1976. 

12.  Hoerning,  C.,  (1956)  Letter  to  J.D.  Isaacs  by  C.  Hoerning, 
Director,  Instituto  Nacional  de  Investigaciones  Tecnologicas 
y  Normalizacion,  Santiago,  Chile. 


it  "i  in 


13.  Kraft,  R.,  The  Solution  of  the  Israeli  Water  Problem, 
Journal  of  I rreproduci bl  e  Results,  vol.  15,  no.  1, 

1966,  pp .  t- 4  . 

14.  Novick,  0.,  Comments  on  "The  Solution  to  the  Israeli 
Water  Problem"  by  R.  Kraft,  Journal  of  I  rreproduc i b  1  e 
Results,  vol.  15,  no.  1,  1966,  p.  4. 

15.  Weeks,  W.F.  and  W.J.  Campbell,"  Icebergs  as  a  Fresh  Water 
Source:  An  Appraisal,  Journal  of  Glaciology,  vol.  12, 

1973,  pp.  207-233. 

16.  Clifford,  W.  F.  and  Erman,  R.  J..  Experimental  Deter¬ 
mination  of  Melting  Rates  of  Ice  Moving  in  Seawater , 

U.S.  Navy  Postgraduate  School,  Monterey,  California, 

March  1979. 

17.  Stolfi,  R.,  Areas  of  Concern  with  Iceberg  Deterioration, 
Appendix  A  to  Experimental  Determination  of  Melting 
Rates  of  Ice  Moving  in  Seawater  by  W.F.  Clifford  and 
R.J.  Erman,  U.S.  Navy  Postgraduate  School,  Monterey, 
California,  1979. 

18.  Weeks,  W.F.  and  Mellor,  M.  .  Some  Elements  of  Iceberg 
Technology.  CRREL  Report  78-2,  U.S.  Army  Corps  of 
Engineers,  Hanover,  New  Hampshire,  1978. 

19.  Hulf,  J.L.  and  N.C.  Ostrander.  Antarctic  Icebergs  as  a 
Global  Fresh  Water  Resource.  Rand  Report  R-1255-NSF,  1973. 

20.  Framji,  K.K.  and  Mahajan,  I.K..  Irrigation  and  Drainage 
in  the  Wor1d--A  Global  Overview,  vol  II,  International 
Commission  on  Irrigation  and  Drainage,  1969,  p.  1199. 

21.  United  States  Department  of  Agriculture  1975  "Soil  and 
Water  Conservation  Needs  Directory,"  USDA--Soil  Con¬ 
servation  Service. 

22.  U.S.  Water  Resources  Council,  "The  Nation’s  Water 
Resources--The  Second  National  Water  Assessment-- 
Summary  Report,  1978,  p.  13. 

23.  Schmidt,  C.J.,  et  al.,  "Current  Municipal  Wastewater 
Reuse  Practices,"  The  Second  National  Conference  on 
Complete  Water  Reuse,  Water's  Interface  with  Energy, 

Air  and  Solids,  1975  Proceedings,  Chigao,  Ill.,  p.  13. 

24.  Kishoni,  S.,  Direct  Utilization  of  Brackish  Waters  and 
Sewage  EffluerTts  by  Industry,  Uti  1  i  zati  on  of  Brackish 
Water,  Proceedings  of  the  Ninth  Israel  Symposium  on 
Desalination,  Bitan  Aharon,  April  1972,  p.  51-59, 

National  Council  for  Research  and  Development,  Prime 
Minister's  Office,  Jerusalem. 


25.  Donovan,  J.  F.  and  John  E.  Bates,  Water  Reuse  and 
Recycl i nq--Gui del i nes  for  Implementing  a  Municipal 
Program,  Camp,  Dresser  &  McKee.  Inc.  .  Consulting 
Engineer,  September  1979,  pp.  96-102. 

26.  Williams,  Robert  B.  and  G.M.  Wesner,  Water  Reuse 

and  Recycl i nq--An  Assessment  of  the  Potential,  Culp/ 
Wesner/Culp,  Consulting  Engineer,  September  1979, 
pp.  103-117. 

27.  Grant,  Frank  A.,  Gordon  P.  Treweek,  Wiley  Horne,  Water 
Reuse  and  Recycl inq--Industrial  Cost  Analysis  and 
Pricing  Strategies,  James  M.  Montgomery  Consulting 
Engineers,  Inc.,  Consulting  Engineer,  September  1979, 
pp.  119-124. 

28.  Bailey,  J.R.,  et  al.,  "A  Study  of  Flow  Reduction  and 
Treatment  of  Waste  Water  from  Households,"  General 
Dynamics,  Electric  Boat  Division,  Groton,  Ct.,  Decem¬ 
ber  1  969. 

29.  Nelson,  J.O.,  "North  Martin's  Little  Compendium  of 
Water  Savings  Ideas,"  Martin  County,  Ca:  North  Martin 
County  Water  District,  March  1977. 

30.  "The  Role  of  Conservation  in  Water  Supply  Planning," 

U.S.  Army  Corps  of  Engineers,  Institute  for  Mater 
Resources,  April  1979. 

31.  Watkins,  A.M.,  " S an i vac- Re vol ut ionary  Vacuum  Toilet", 
Popular  Science  197,  August  1970. 

32.  "Municipal  and  Industrial  Water  Conservation  -  The 
Federal  Government  Could  Do  More",  Report  to  the  Congress 
of  the  United  States,  the  U.S.  General  Accounting  Office, 
April  1978. 

33.  Sharpe,  W.E.,  "Residential  Water  Conservation  with  Water 
Conservation  Devices",  The  Water  Conservation  Challenges. 
Upper  Mississippi  River  Basin  Commission,  Bloomington, 

Mn . ,  May  1978. 

34.  Milne,  M. ,  "Residential  Water  Conservation",  California 
Water  Resources  Center,  University  of  California:  Davis, 
Report  No.  35,  March  1976. 

35.  U.S.  Comptroller  General,  "National  Water  Quality  Goals 
Cannot  Re  Attained  Without  More  Attention  to  Pollution 
from  Diffused  or  Non-Point  Sources",  Report  to  Congress, 
GAO  { CED- 78-6)  ,  1977. 


36.  Cost  Estimates  of  Municipal  Wastewater  Treatment  Facility 
Requirements,  1976  Needs  Survey,  MCD-48,  USEPA,  1977. 


37.  National  Academy  of  Sciences,  Petroleum  in  the  Marine 
Environment,  Washington,  D.C.,  1975. 

38.  I0C/LLM0,  Report  of  the  Second  IOC/KLMO  Workshop  on 
Marine  Pollution  (Petroleum  Monitoring)  IOC  Workshop 
Report,  No.  1 0 ,  UNESCO,  Paris,  1976. 

39.  Marine  Pollution  and  Sea  Life,  Mario  Rurio  (editor), 

London,  1  972. - 

40.  43  Federal  Register  16886. 

41.  Benarde,  M.A.,  "Land  nisposal  and  Sewage  Effluent: 

Appraisal  of  Health  Effects  of  Pathogenic  Organisms", 
Journal  AWWA,  65,6. 

42.  44  Federal  Register  34346,  June  14,  1979. 

43.  "Environmental  Quality",  The  Ninth  Annual  Report  of  the 
Council  on  Environmental  Quality,  December  1978. 

44.  "The  Report  to  Congress:  Waste  Disposal  Practices  and 
Their  Effects  on  Ground  Water,"  USEPA,  Office  of  Solid 
Waste,  Washington,  D.C.,  1977. 

45.  The  Prevalence  of  Subsurface  Migration  of  Hazardous 
Chemical  Substances  at  Selected  Industrial  Waste  Land 
Disposal  Sites,  USEPA,  Office  of  Solid  Waste,  Washington, 

D. C.  ,  1  977. 

46.  Resource  Recovery  and  Waste  Reduction,  USEPA,  Office 
of  Solid  Waste,  Washington,  D.C. 

47.  Manko,  J.M.,  and  Katcher,  R.S.,  "Landfills:  Buying  Time 
or  Building  a  Time  Bomb?",  Computer  Science,  March/ 

April  1978. 

48.  U.S.  Water  Resources  Council,  "The  Second  National  Water 
Assessment,  Part  III,  Functional  Water  Uses",  1978,  p.  129. 

49.  Federal  Power  Commission,  "Problems  in  Disposal  of  Waste 
Heat  from  Steam-Electric  Plants",  FPC,  Washington,  D.C., 
1969,  p.  38. 

50.  Environmental  Protection  Agency,  "Analysis  and  Control 
of  Thermal  Pollutants",  August  1974,  pp.  237-617. 


Eichholz,  G.G.,  "Environmental  Aspects  of  Nuclear  Power 
Plants",  Ann  Arbor  Science.  Ann  Arbor,  Mi.,  1978. 

Klotz,  Louis  H.,  "Waterpower-'I ts  Promise  and  Problems," 
Center  for  Industrial  and  Institutional  Development, 
University  of  New  Hampshire,  Durham,  N.H.,  October  1979. 

Federal  Power  Commission,  Bureau  of  Power,  "Origin  and 
Development  of  the  Hydroelectric  Power  Industry,"  Unpub¬ 
lished  Paper,  September  1972. 

Federal  Power  Commission,  "Hydroelectric  Power  Resources 
of  the  United  States,"  FPC-P43,  Washington,  D.C.,  Novem¬ 
ber  1  976. 

Walsh,  Michael  R.,  "The  Future  of  Hydropower  in  the 
United  States,"  Institute  for  Water  Resources,  Corps  of 
Engineers,  Ft.Belvoir,  Va.,  1980  (draft). 

Estimate  of  National  Hydroelectric  Power  Potential  at 
Existing  Dams,  II. S.  Army  Corps  of  Engineers,  Institute 
for  Water  Resources,  Ft.  Belvoir,  Va.,  July  1977. 

Vance,  P.R.,  and  Bryan,  L.C.,  "Hydro  Power:  Economic 
Comparisons",  MITRE  Technical  Report  MTR-3394,  December  1976 


BIBLIOGRAPHY 


1.  Ayers,  R.  S.  &  Branson,  R.  C.,  "Nitrate  in  Upper  Santa 
Anna  River  Basin  in  Relation  to  Groundwater  Pollution", 
California  Agriculture  Experiment  Station  Bulletin  860, 
p.  60,  1973. 

2.  Brown,  S.  M. ,  et  al.,  "Conflicts  in  Attaining  Natural  Goals 
for  Both  Water  Quality  &  Energy  Production",  Water  Resources 
Bulletin,  American  Water  Resources  Association,  V  o  1  .  1  5  , 

No.  5,  p.  1236,  1979. 

3.  Cunningham,  J.,  "Personal  Communication",  U.  S.  Department 
of  Interior,  1980. 

4.  Freeze,  R.  A.  and  Cherry,  J.  A.,  "Groundwater",  Prentice 
Hall ,  p.  439,  1978. 

5.  Kohout,  G. ,  "Cyclic  Flow  of  Salt  Water  in  the  Biscayne 
Aquifer  of  Southeastern  Florida",  J.  Geophys.  Res.  65, 
pp.  21  31-21  41  ,  1  960. 

6.  McGuinnes,  C.  L.,  "The  Role  of  Groundwater  in  National 
Water  Situation",  U.  S.  Geological  Survey  Water  Supply 
Paper,  1800,  1963. 

7.  "President's  Water  Policy  Message",  Federal  Register, 

June  8,  1978,  p.  1043,  June  6,  1978. 

8.  "The  Report  to  Cong  res s - -Wa s te  Disposal  Practices  and  Their 
Effect  on  Ground  Water",  USEPA,  Office  of  Water  Supply, 
Office  of  Solid  Waste  Management  Programs,  U.  S.  Environ¬ 
mental  Protection  Agency,  1977. 

9.  "The  Nation's  Water  Resources",  Vol.  2,  Water  Quantity, 
Quality  and  Related  Land  Consideration,  Water  Resources 
Council,  Washington,  D.  C.,  1978. 

10.  _ "The  IJ.  S.  Budget  in  Brief  FY  1981",  p.  2. 

11.  _ "The  II.  S.  Coast  Guard",  Efforts  in  Research 

and  Development,  Office  of  U.S.C.G.,  Washington,  D.C. 

1978. 


12.  _ "Water  Policies  for  the  Future",  Final  Report 

to  the  Present  and  to  the  Congress  of  the  United  States  by 
the  National  Water  Commission,  Washington,  D.C.,  Superin¬ 
tendent  of  Documents,  Stock  No.  5248-00006,  p.  171,  1973. 


( 


13. 


_ "Water  Resources  and  Power",  Commission  on 

Organ! zati on  of  the  Executive  Branch  of  the  Government, 
p.  xxv i,  1955. 

14.  Waters,  R.  C.,  "Theory  and  Reality  in  Allocating  Federal 
Resources  to  Water  Resources  Development",  Water  Rpsnurr.ps 
Bulletin,  American  Water  Resources  Association,  Vol .  16, 
ffij".  2,  p.  256  ,  1  980. 

15.  _ Weekly  Compilation  of  Presidential  Documents, 

Volume  14,  p.  1044,  June  1978. 


6 


_ -  — 


